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.-> SUMMARY
" y ' X
/

A lead exposure study of 327 participants was conducted

around a defunct secondary lead smelter. The arithmetic r.ean

venous blood -lead level in 490 children under age 6 was 0.33

(6.9 pgJcTTFr^with a range of 0.03-1.94 ^mol/L (0.7-40.2

/ig/dl) . The bloodlead levels of 78 children in this group were

0.48 ^mol/L (10 /zg/dl) or higher. Of the 78 children under 6

with blood lead levels above 0.48 ^mol/L (10 /xg/dl) , only 5

u children had a blood lead level above 1.21 ^raol/L (25 ̂ g/dl) .

Blood lead levels in 214 youths between 6 and 15 years of age

were lower with a mean of 0.33 /*mol/L (4.4 /ig/dl) and a range of

< 0.03-0.90 /imol/L (< 0.6-18.8 /xg/dl) . Only 8 children in this

group had blood lead levels above 0.48 pmol/L (10 jzg/dl) . Mean

blood lead levels in adults were 0.17 /imol/L (3.6 ̂ g/dl) and in

14 pregnant women 0.08 /imol/L (1.6 jtg/dl) . The mean blood lead
^ J-K.4*-}

levels in this-. gr oup— of* participants were lower than levels

reported in the United States 15 to 20 years ago, when lead

levels in air and lead in food were higher. No recent national

data are available for comparison.

Blood lead regression

The condition of the houses, and the amount of lead in paint

and soil was positively correlated with blood lead levels in

children. Regression analysis showed that lead in paint alone

accounted for/ 3%)of th« variance in children's blood lead level.

Lead in paint and th« condition of the houses together accounted



for 11% of the variance ir. clccd lead. Aiding soil lead to tr.e

regression equation for lead in paint and condition of the houses

accounted for an additional 2% of the variance in blood lead

raising the total variance accounted for to.'R2=o. 13-^jbhus, the

condition of the houses was a more important factor in predicting

children's blood lead levels than either paint or soil lead.

The analyses also showed that only 40% of the variance in

blood lead could be accounted for by including all of the

variables in the study. The remainder of the variance apparently

depended on individual behavior and activities of the different

families. Blood lead levels in children were significantly

associated with environmental, socioeconomic, and behavioral

factors. However, these associations were weak and

intercorrelated.

Dust lead regression

The best single predictor of blood lead, and the major

pathway of exposure for children under the age of six, was lead

in house dust. Lead from paint and lead from soil contributes to

the lead in house dust, so including all three factors in the

same regression equation over adjusts (i.e., erroneously

diminishes) the contribution of house dust to children's blood

lead levels. Based on the regression analyses, lead from paint

alone accounted for 11% of the variance in house dust lead, when

both the condition of the houses and the level of lead in the

paint were considered together, the amount of variance that was

accounted for more than doubled, increasing to 16%. Adding soil

* Z. -
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lead to tr.e regression equation for paint la ad and bui.dir.z

condition increased the amount of variance accounted for bv an

additional 6%, raising the total house dust lead variance

accounted for by all three factors to R2=0.32. Thus, ̂paint "lead ^JT

and building condition together are more than four times as

important as lead from soil as contributors to house dust lead.

Many houses-.in this community were built before 1920 and had

elevated lead paint levels. Some of the older houses were in

poor condition, with peeling and chipping paint. Elevated levels

of lead were found in the soil surrounding many of the houses.

Blood lead levels in children tended to go up as the condition of

the house they lived in, and their parents' education and income

level, went down. Education was a better predictor of blood lead

levels than income. The condition of the houses, and the

education and income level of parents, also tended to go down as

soil lead levels went up.

The blood lead levels also tended to be higher in the

children who lived in houses that had recently undergone repair

or renovation.

Drinking water was only a very minor contributor to

exposure. Lead in drinking water was below the limit of

detection of 2 jtg/L (ppb) in 62% of the samples taken at the tap.

xii



HEAVY METAL ZXPOSUKE ASSESSMENT QUESTICNNAIP.E

PARTICIPANT NAME

PARTICIPANT ID NUMBER

HOUSE ID NUMBER __ _

Street Address:

Street ______________________________ Apt.

City _____________________________ State.

Zip code _______________

Mailing Address:

Street ____________________________ Apt._

city ______________________________ State.

Zip code ______________

Telephone number:

hone (_ _ _) __ __ __ - __ __ __ __

work (_ _ _) __ __ __ - __ __ __ __

1 - Phone
2 » No phone
8 - REFUSED
9 - DON'T KNOW



ICO HOUSEHOLD C/JZSTICNNAIRZ

THE FOLLOWING QUESTIONS MUST 3E ANSWERED 3? PARENT OR LZGAL GUARDIAN " ~-I
SUBJECT IS AGED 14 OR YOUNGER.

First, I would like to ask you some questions about the home you/ SUBJECT
(WHERE SUBJECT LIVES HOST OF THE TIME IN THE LAST 90 DAJfS )

(Circle applicable answer.)

(011-012) 101. What year was this house built? (OLDEST PART)

lives •-

00
01
02
03
04
05

<1900-1909
1910-1919
1920-1929
1930-1939
1940-1949
1950-1959

06
07
08
09
99

1960-1969
1970-1979
1930-1989
1990-present
DON'T KNOW

(013)

(014)

(015)

102. What type of exterior does your/SUBJECT'S horn* have?

103.

104.

wood
brick
block
mobile home
vinyl/metal siding
Other _________
DON'T KNOW

Is the home you/SUBJECT live in rented or owned?
1 » rent
2 • own
3 • other ___________________
8 - RiroSED——————————————————
9 « DON'T KNOW

What typo of water pipe* does the horn* contain?
lead
plastic
galvanized steel
copper
iron
mixed (specify)
Other (specify)
DON'T KNOW



'"'".a- -ype si wa.er csea vcur . ̂'-'3_ ;.;- • £ .-.cuser.o-i ~cr~;

Private well water
Public water

(city or district)
Bottled
Local spring or brook
Cistern
Other ____________
DON'T KNOW

106. Which fuel do you use most for:

Gas—battled or tank
Gas—pip«» (natural gas)
Electricity
Fuel oil or kerosene
Coal or coke
Wood
Other _____________

(Circle one per column)

DON'T KNOW

House
Heating
(018)

1
2
3
4
S
6
7
9

Water
Heating
(019)

1
2
3
4
S
6
7
9

Cooking
(020)

1
2
3
4
5
6
7
9

107. Has any part of your house been repainted, sanded, or chemically or
heat stripped, or otherwise refinished within the last year?

(021) 1 • Yes
2 » No
9 - DON'T KNOW

IT YES, Approximately when was this most recently done?

(022-025) __ __ / __ __
(MONTH / YEAR) (ENTER 99 17 DON'T KNOW MONTH)

108. Do you us* air conditioning in your /SUBJECT'S home?

(026) 1 - Ye«
2 • No
9 • DON'T KNOW



KO'JSiKQLS A C T I V I T I E S /QCC- ' rATICNS

Sow I'd like to ask you soae questions ahout the work and hobbies of
persons living in this home. (ALL housenoid r.emDers included)

121} 109. Have any members of the household worked in mining or a ~
related job such as mine material handling or transporta:
in' the last 90 days?

1 - Yes
2 - NO (GO TO 114)
9 - DON'T KNOW (GO TO 114)

110.

(028)
(029)
(030)
(031)

(031)
(032)
(033)

What type of mining or mine related worlc have household
members don* in the last 90 days? (Circle all that
apply.)

a. Underground
b. Surface
c. Milling
d. Transportation/

handling
•. Clerical/Admin.
f. Smelter
g. Other

Yes

1
1
1

1
1
1
1

No

2
2
2

2
2
2
2

Don't
know

9
9
9

9
9
9
9

IF OTHER, SPECIFY:

111. What type of mine or mine materials have household
members worked with in the last 90 days? (Circle all
that apply.}

(034)
(035)
(036)
(037)
(038)
(039)
(040)
(041)

a.
b.
c.
d.
e.
f.
9-
h.

Lead
Zinc
Silver
Molybdenum
Coal
Limestone
Clay
other

Yes

1
1
1
1
1
1
1
1

No

2
2
2
2
2
2
2
2

Don't
know

9
9
9
9
9
9
9
9

IF OTHER, SPECIFY:



112. 3oe3 a.-sy -ouaer.old rr.err.cer • a ; t.-.a- -cr/ca :..-. a r.i.-.a cr
rr.ir.J-rsg related ;so wear HIs / l -nH wcr/e clo^.-.ir.g r.c-e ar.s:
working?

; C 4 2 ) 1 - Always
2 = scraecinea
3 = Never
9 - DON'T K.NOW

113. Does any household rr.ember(s) that works in a mine or
mining related job com* home from work without
showering?

[043) 1 * Always
2 - Sometimes
3 » Never
9 - DON'T KNOW



HOUSE

Next I have a. . queatlone about a number of activitlea you or wcher houaehold members may do or may have done
in the last three months. Theae include things you may have done for work, hobbies, or chores and at home OL other pi.,.

114.In the laat 90 daya, have any membera of
your houaeholdi

(Circle all that apply)
114a.

Has this done at
home, work, or
elaewhere?

114D. IF WOnK/OTIIER:

Here those clothes
worn home?

Did he/uhe uhowc'i
before coming hoiiu-

a. Painted plcturea
with artlata palnta? 1
(not children's palnta)

b. Painted, atalned or
raflnlshed furniture? 1

o. Painted the inaide or
outaida of a hoata or
building?

d. Work with stained
glaaa?

a. C««t lead Into fishing
sinkers, bullets or
anything else? 1

f. Worked with soldering
in electronics? 1

g. Soldering plpea or
ahaata of atetal?

h. Repaired auto
radiators?

NO Don ' t
know

2 9
(044)

2 9
(046)

2 9
(052)

2 9
(056)

2 9
(06O)

2 9
(064)

2 9
(068)

2 9
(072)

HOME WORK/ BOTH Don' t
OTHER know

3 4 5 9
(045)

3 4 5 9
(049)

3 4 5 9
(053)

3 4 5 9
(057)

3 4 5 9
(061)

3 4 5 9
(065)

3 4 5 9
(069)

3 4 5 9
(073)

Vea No Don' t
know

1 2 9
(046)

1 2 9
(050)

1 2 9
< 0 5 4 )

1 2 9
(05B)

1 2 9
(062)

1 2 9
(066)

1 2 9
(070)

1 2 9
( 0 7 4 )

Yea No D o n ' t
k i u j w

1 2 9
( 0 4 7 )

1 2 0
( O b i )

1 2 9
( 0 5 S )

1 2 <J
(059)

1 2 9
( 0 6 3 )

1 2 9
( 0 6 7 )

1 2 9
( 0 7 1 )

1 2 9
( 0 7 5 )



HOUSE ""

114. (Continued)
In the laat 90 daye, have any members of
your households

(Circle all that apply)

k. Made pottery?

1. Ridden a dirt bike,
mountain bike or ATV
In the local area?

m. Ma i d i n g ?

Yee

1. Worked on auto bodlee
or auto maintenance? 1
(Includee mechanics)

j. Worked at a sewage
treatment plant? 1

n. cleaned or repaired
flrearma? 1

o. Vlelted Indoor firearm
target rangee? 1

p. Hire/cable cutting
or epiiclng?

q. Caetlng or ameltlng
lead?

nembere of

No Don ' t
know

2 9
(076)

2 9
(080) .

2 9
(084)

2 9
(068)

2 9
(092)

2 9
(096)

2 9
(100)

2 9
(104)

2 9
(108)

114a.

Haa thia done at
home, work, or
elaewhere?

HOME WORK/ BOTH Don't
OTHER know

3 4 5 9
(077)

3 4 5 9
(081)

3 4 5 9
(085)

3 4 5 9
(089)

3 4 5 9
(093)

3 4 5 9
(097)

3 4 5 9
(101)

3 4 5 9
(105)

3 4 5 9
(109)

114B. IF WORK/OTHER:

Here those clothes Did h u / u l i e uhowc i
worn home? before comliuj home/

Yea No Don' t Yen No D o n ' t
know kiviv.

1 2 9 1 2 9
(078) ( 0 7 9 )

1 2 9 1 2 9
(082) ( 0 0 1 )

1 2 9 1 2 y
(086) ( 0 0 7 )

1 2 9 1 2 9
(090) ( 0 9 1 )

1 2 9 1 2 9
(094) (09!>)

1 2 9 1 2 9
(098) ( 0 9 9 )

1 2 9 1 2 9
(102) (10.J)

1 2 9 1 2 9
(106) ( 1 0 7 )

1 2 9 1 2 9
(110) ( 1 1 1 )



HOUSE

114. (Continued)
In the laat 9O days, have any members of
your houeeholdi

r.

a.

t.

u.

V.

w.

X .

y-

xl.

z2.

(Circle all that apply)

Yea

Plaetlce Manufacture? 1

Battery Manufacture? 1

Pipe Machining? 1

Electroplating with
lead eolutiona? 1

Refining gaaollne? 1

f» 1 nt , ij 1 «i«, and
ink m a n u f a c t u r e ? 1

Rubber manufacture? 1

Scrap Metal recovery? 1

Other lead related
job or activity? 1

SPECIFY

Other cadmluM related
job or activity? 1

No Don ' t
know

2 9
(112)

2 9
(116)

2 9
(120)

2 9
(124)

2 9
(128)

2 9
(132)

2 9
(136)

2 9
(140)

2 9
(144)

2 9
(148)

114a.

Waa this done at
home, work, or
elsewhere?

HOME WORK/ BOTH Don ' t
OTHER know

3 4 5 9
(113)

3 4 5 9
(117)

3 4 5 9
(121)

3 4 5 9
(125)

3 4 5 9
(129)

3 4 5 9
(133)

3 4 5 9
(137)

3 4 5 9
(141)

3 4 5 9
(145)

3 4 5 9
(149)

114B. IF WORK/OTHER:

Were those clothes old h u / u h e ohou.-r
worn home? before coming hum,-,-

Yea No Don' t Ytu No l k > i r i
know know

1 2 9 1 2 > j
(114) ( l i b )

1 2 9 ' l 2 y
(118) ( 1 1 9 )

1 2 9 1 2 9
( 1 2 2 ) ( 1 ^ 3 )

1 2 9 1 2 9
(126) ( 1 2 7 )

1 2 9 1 2 9
(130) ( 1 J 1 )

1 2 9 1 2 9
(134) ( 1 3 S )

1 2 9 1 2 9

1 2 9 1 2 y
( 1 4 2 ) ( 1 4 J )

1 2 9 1 2 9
( * 4 6 ) ( 1 4 7 )

1 2 9 1 2 9
(150) M , , ] ,

SPECIFY



\cw I'd lixe to as< you some questions a_aout jour diet and f = sd
preparation:

115. When fcod or drir.ka are prepared, served, cr stored, are tr.ev cr-sr.
placed in clay pottery cr ceramic dishes which were hcrnerr.ace cr -a-e
in another country?

(152) 1 = ?es
2 = No
9 « DON'T KNOW

116. When food or drinka are prepared, served, or stored, are they often
placed in copper or pewter dishes or containers?

(153) 1
2 - No
9 - DON'T KNOW

117. when food or drinks are stored or put away, are they sometimes
stored in the original can after being opened?

(154) 1 -
2 - No
9 » DON'T KNOW



N'cw ; -ave a faw s-jier questions aucuc your r.ouBe.-.oli.

113. 3oes ar.yone snoke in your/S'JBJZCT'S hsr.e?

(155) 1 * Yes
2 » No (GO TO 121)
9 » DON'T KNOW

- How many people amok* in this home? (including regular
visitors/babysitters)

(156-157) __ __ (number of people)
(99 - DON'T KNOW)

120. Does anyone smoke TOBACCO PRODUCT in your/SUBJECT'S home?

(Circle responses).

Yes Mo Don't IF YES, How many:
know

(IS8) a.Cigarettes 129 __ __Cigarettes per day
(159-160) in the house?

(1 pack-20)

(161) b.Cigars 129 __ __Cigars per day in
(162-163) the house?

(164) e.Pipes 129 __ __Pip* bowls per day
(165-166) in the house?

121. Do you have any dogs or eats that go in and out of the house?
(167) 1 • Yes

2 • No
9 • DON'T KNOW

If yes, specify number

122. Ras anyone ever used any materials from mines or smelters, such as
chat or slag, or lead industry material in or around your house or
yard?

(168) 1 - Yes
2 - NO9 - DON'T KNOW
IT YXS, SPECIFY WHAT MATERIALS AND BOH THEY HERE USED:

10



(169-171)

123. what is the highest year c
the head of this household
OF HOUSEHOLD IS)

f education that was complete-1 -••
? (RESPONDENT MUST DECI3E W>:0~Ki;c

(circle one)

No Schooling
Elementary School

High School (GED-012)
Technical or Trade School
Junior or Community College
Four year College or University
Attended Graduate School (or higher) 017
REFUSED TO ANSWER 088
DON'T KNOW 099

000
001 002 003 004 005
006 007 008
009 010 Oil 012
T13 T14
J13 J14
013 014 015 016

(172) 124. What is your total, gross household Ln>

01 -$4,999 or less
02 -$5,000 to $9,999
03 -$10,000 to $14,999
04 -$15,000 to $19,999
05 -$20,000 to $24,999
06 -$25,000 to $29,999

before taxes?
07 -$30,000 to $34,999
08 -335,000 to $39,999
09 -$40,000 or more
88 - REFUSED TO ANSWER
99 - DOH'T KNOW

Now we have a set of questions to ask about (SUBJECT'S NAME)

IF PARTICIPANT IS 6 - 71 MONTHS OF AGE, THEN GO TO SECTION 200.

IF PARTICIPANT IS 6 - 14 YEARS OF AGE, GO TO SECTION 300

IF PARTICIPANT IS 15 YEARS OF AGE OR OLDER, GO TO SECTION 400

11



200 CHILD QUESTIONNAIRE
ACE 6 - 7 1 MONTHS

HOUSE ID .

PERSON ID

QUESTIONS ABOUT THE CHILD « - 71 MONTHS OLD (LESS THAN 6 YEARS OLD) SHOULD
3E ANSWERED BY THE PARENT OR LEGAL GUARDIAN OF THE CHILD.

Child's full 1«9»1 n

12



27) 2C7. C
3 Yin

ces thi1
2
7
a
9

Sreas- feeci?
Yes
NO
Sat acplicibla, over 3 years old
RSFUSS3
DON'T KNOW

238. In the last 90 days, where does (CHILD'S NAME) usually spend K:s/XI?.
time each 24 hour period? (approximate number of hours)
(99 - DON'T KNOW)

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday

Sunday

Babysitter
(outside
of home)

(028-029)

(038-039")

(048-049)

(058-054)

(068-O691)

(0̂ 8-695)

Day Care
(commercial
facility)

(030-63" 1)

(040-041)

(050-051)

(060-061)

(OJO-OJl)

(oao-oAi!)

Other
Location

(032-033)

(042-043)

(052-053)

(062-063)

(072-073)

(082-083)

Home

(034-035)

(044-045)

(054-055)

(064-065)

(074-075)

(084-085)

Total
(24 hrs)

(036-037)

(046-047)

(056-057)

(066-067)

(076-077)

(066-057)

(092-091) (094-09S) (096-057)

209. How many hours, on average, does CHILD spend sleeping?
(098-099) __ __ (»* • DOM'T KNOW)

210. Hew many hour* during the day do you think (CHILD'S NAXZ) usual
spends playing on the floor when indoors in this home?

(100-101) Hours (99 » DON'T KNOW)

14



:i7. Are (CHILD'S NAMZ) har.da or face usual;-/ waaned iefcre eati.-.c?
(110) 1 « *•»

2 « No
9 « DON'T KNOW

218. Ar* (CHILD'S NAME) hands or face usually washed before going to slea=;
1 " Yes
2 - No
9 - DON'T KNOW

219. Arc (CHILD'S NAME) hind* or face usually washed after playing ^i.--
dirt or sand?

(112) 1 « res
2 - No
9 - DON'T KNOW

•

220. How many times is (CHILD'S NAKS) bathed or given a shower?

(113-114) __ __ per week (99 » DON'T KNOW)

221. Has (CHILD'S NAME) used a pacifier in the last 6 months?
(115) 1 - Yes

2 - No
9 - DON'T KNOW

222. Does (CHILD'S MAKE) suck HIS/HER thuab or fingers?
(116) 1 • Yes

2 • NO
S » DON'T KNOW

223. Does (CHILD'S NAME) chew on HIS/HER fingernails?
(117) 1 » Yes

2 « No
9 • DON'T KNOW

224. Does (CHILD'S NAME) have a favorite blanket or toy?
(118) 1 • Yes

2 • NO (60 TO QUESTION 227)
9 • DON'T KNOW

22S. Does (CHILD'S NAME) carry this around during the cay?
(119) 1 " Yes

2 • No
9 » DON'T KNOW

22ft. Does (CHILD'S NAME) often put this in HIS/HER
(120) 1 - Yes

2 • No
9 • DON'T KNOW

16



233. How often does (CHILD'S NAXE) «a= v«ge'rarles 5 re--p. .-
your garden?

(127) 1 * Once a week or nore
2 - Less than onct per week
3 - Never (CO TO 236)
9 » DON'T KNOW (CO TO 236)

234. How often does (CHILD'S NAME) eat leazy green
vegetables, (such as lettuce or spinach) grsvr. •_-
your garden?

(128) 1 - Once a week or more
2 • Less than once per week
3 • Never
9 • DON'T KNOW

'*

235. How often does (CHILD'S NAKC) eat root vegetables,
(such as beets or turnips) grown in your garder.?

(129) 1 • Once a week or more
2 • Less than once per week
3 • Never
9 • DON'T KNOW

236. How often does (CHILD'S NAME) eat vegetables grown elsewhere in tr.e
local area? (e.g. NEIGHBOR'S GARDEN OR LOCAL FARMERS MARKET)

(130) 1 * Once a week or mere
2 » Less than one* per we«k
3 - Never (GO TO 239)
9 • DON'T KNOW (GO TO 239)

237. Hew often does he/she eat leafy gre«n vegetables, (such
as lettuce or spinach) grown elsewhere in the area?

(131) 1 • Once a we«k or more
2 * Less than once per we*k
3 « Never
9 - DON'T KMOW

238. How often do«a he/she eat root vegetables, (such as btets
or turnips) grown elsewhere in the area?

(132) 1 • Once a week or mere
2 • Less than once per week
3 • Never
9 • DON'T KNOW

18



YOUNG PERSON QUESTIONNAIRE
ACES 6 - 1 4 YEARS OLD

KOUSI 10 .

PERSON ID

QUESTIONS ABOUT THE CHILD 6-14 YEARS OLD MUST BE ANSWERED BY THE PARENT OR LECAI
GUARDIAN OF THE CHILD.

Child's full/lcgtl nan*.

V..

20



'027-029;
What _a the highest year of educatj.

No Schooling
Elementary School
High School (GED
REFUSED TO ANSWER
DON'T KNOW

012}

cn (CHILD'S NA.H2
(circle one)
000
001 002 003 004 CCS
006 007 008
009 010 Oil 012
088
099

r.as c=rr.pie-==:

IF CHILD IS 12 YEARS OR OLDER ASX 308 OH SMOKING, OTHERWISE, CO.TO 309

308. Do*s (CHILD'S NAME) smoke or us* tobacco products?

(030) 1 - Yes
2 - No (CO TO 309)
8 « REFUSED (CO TO 309)
9 » DON'T KNOW (GO TO 309)

Does he/sh* smek*/us* TOBACCO PRODUCT?
(Circle responses)

(031) a. Cigarettes 1

(034) b. Cigars 1

(037) c. Pipes 1

(040) d. Srnok*l*SS
tobacco

Yes No Don't IF YES, HOW MANY:
know

2 9 ___ _^ Cigarettes p*r day, total
(032-033) (1 pack-20)

2 9 __ __ Cigars p«r day, total
(035-036)

2 9 ___ _^_ Pip* bowls p*r day, total
(038-039)

__ ^_ Tin** p*r day/ total
(041-042)

22



(131)

(CHr«2'S SAMS) usually play
outdoors around the hsuse?

313. where does w.-.er.

1 - Back yard
2 » ?ront yard
3 • Side yard

7 • Other (specify)
9 • DON'T KNOW

314. Where does (CHILD'S NAHZ) usually play
outdoors (in the last 90 days) when he/she is
not playing in your own home yard?

(132-133) 01
02
03
04
05
06
07
08
99

Neighbor's yard
Playground
Near or around creek or ditch
On or near tailings or slag piles
On sidewalks or streets
Park
Only plays at hone
Other (SPECirY) ____________
DON'T KNOW —————————————

315. IS the ground where (CHILD'S NAME) usually
plays mainly grassy, concrete/asphalt, plain
dirt or soil, just a sandbox, or some other
stuff?

(134) 1
2
3
4
7
9

Grassy
Concrete/asphalt
Dirt/soil
Sandbox
Other (SPECIFY) .
DON'T KNOW

(135)

316. Do«s (CHILD'S NAME) often take food or a drink
with him/her outside to play?

1 • Yes
2 • No
9 • DON'T KNOW

:*



PERSON :=

324. 3oes your household have a vegetable garden in your yard?

(143) 1
2 - No (CO TO 329)
9 » DON'T XNOW (GO TO 329)

325. Has coil been hauled in and placed on your garden?

(144) 1 - Yes
2 - No
9 " DON'T KNOW

IF YES, SPECIFY FROM WHERE?

326. How often doe* (CHILD'S NAME) eat vegetable! grown in
your garden?

(145)
1 • Once a week or more
2 • Less than one* per week
3 - Never (GO TO 329)
9 « DON'T KNOW (CO TO 329)

327. How often does (CHILD'S KAMI) eat leafy green
vegetable*, (fuch as lettuce or spinach) grown in
your garden?

(146)
1 • Once a week or more
2 • Lee* than once per week
3 • Never
9 • DON'T KNOW

328. How often does (CHILD'S KAMI) eat root
vegetables, (such as beets or turnips) grown in
your garden?

(147)
1 • Once a week or more
2 • Less than once per week
3 • Never
9 • DON'T KNOW
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?SRSCN I-

My

333

(1S2)

(153)

(154)

(155)

(156)

(157)

(158)

(159)

(160)

(161)

(162)

(163)

(164)

(165)

last questions art about (CHILD'S SAXE ' S ) activities.

. :n the last 90 day, hat (CHILD'S MAMS) participated in a:
following activities? (Circle all that apply.)

Yet

a.

b.

c.

d.

e.

f.

S-

h.

i.

J.
k.

1.

a.

n.

This

Painted pictures with artists paints?
(not children's paints)

Painted, stained or refinished
furniture?

Painted the inside or outside of a
home or building?

worked with stained glass?

Cast lead into fishing sinkers.
bullets or anything else?

worked with soldering in electronics?

worked on soldering pipes
or sheets of metal?

Repaired auto radiators?

worked on auto bodies or auto
maintenance?

Hade pottery?
Ridden a dirt bike, mountain bike,
or ATV in the local area?
welded?

visited indoor firearm target ranges?

Cleaned or repaired firearms

completes the), questionnaire. Do you

1

1

1

1

1
1

1
1

1

1

1
1
1
1

•y of the

No Dor. ' t

2

2

2

2

2

2

2

2

2

2

2

2

2

2

have any questions or

know

9

9

9

9

9

9

S

9

9

9

9

9

9

9

centner, ts
about it*

Thank you for your ti»«.
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PERSON 12

TEENAGE AND ADULT QUESTIONNAIRE
AGES 1 5 - 4 4 YEARS

QUESTIONS ABOUT THE YOUNG ADULT AGED 15-16 MUST BE ANSWERED WITH THE PARENT OR
GUAM I AN PRESENT.

400. QUESTIONS FOR SELECTED PERSON AM 13 - 44.

HOUSE ID __ __ __ __

PERSON ID __ __ __ __ -

What i> your full/l*9«l n«M?



PSSSON 13

407. What i« the higr.eit year of education you have completed?
(028-030) (circle one)

Ho Schooling COO
Elementary School 001 002 003 004 005

006 007 008
High School (CEO - 012} 009 010 Oil 012
Technical or Trade School T13 T14
Junior or Community College J13 J14
four year College or University 013 014 015 016
Graduate School (or higher) 017
REFUSED TO ANSWER 088
DON'T KNOW 099



CIGARS

410. Have you smoked at least SO cisars durir.g your e.-.r:ire lifa?
(045) 1 » yes

2 - no (CO TO QUESTION 411)
8 - REFUSED TO ANSWER
9 - DON'T WWW

410.1 Do you smoke cigars now?
(046) • 1 • yes

2 » no (GO TO QUESTION 410.2)
8 - REFUSXO TO ANSWER (GO TO 410.2)
9 - DON'T KNOW

410.1.1 On the average, how many cigars a week
do you now smoke?

(047-048) __ __ (NOW CO TO QUESTION 410.3)

410.2 How long has it been sine* you smoked cigars?

(049-030) __ __ years
00 • under 1 year
88 • REFUSED
99 * DON'T KNOW

410.3 On the average of .the entire time you smoked, how rr.any
cigars did you smoke per week?

(051-052) __ __ cigars per week
88 • REFUSED
99 • DON'T KNOW

410.4 About how old were you when you first started smoking
cigars regularly?

(053-054) __ __ years old
88 » REFUSED
99 * DON'T KNOW

410.5 For how many years WIRE roU/HAVE YOU BEEN a cigar
smoker, not including the tine you may have stayed off
cigars?

(055-056) _ _ years
81 • REFUSED
99 • DON'T KNOW



CK2WING T03ACCO

412. Have you used chewing tobacco at lease 20 or sore ti.T.es = u r i -
your entire life?

( 0 6 9 ) 1 • y«»
2 • no (CO TO QUESTION 413)
8 « REFUSED TO ANSWER
9 - DON'T ICMOW

'412.1 Do you chew tobacco now?
(070) i • y««

2 » no (GO TO QUESTION 412.2)
8 • REFUSED TO ANSWER (GO TO 412.2)
9 « DON'T KNOW

412.1.1 On the average, how many pluga, twists, or
pouches do you chew a week?

(071-072) __ __ (NOW GO TO QUESTION 412.3)

412.2 How long ha* it been sine* you chewed tobacco?

(073-074) _ _ year*
00 • under 1 year
88 - REfOSED
99 • DON'T XNOW

412.3 On th* average of the entire tin* you chewed tobacco,
how aaay plugs/twists/or pouch** did you chew a w**k?

(075-076) __ __ p*r w**k
8t • REFUSED
99 • DON'T XNOW

412.4 About hew old w*r* you wh*n you first started chewing
tobacco regularly?

(077-078) __ _ y*ar* old
68 • REFUSED
99 • DON'T KNOW

412.5 For hew away year* HAW, YOU/DID YOU chew tobacco, not
including th* tin* you may have stayed off chewing
tobacco?

(079-080) _ _ y**r*
81 • REFUSED
99 * DON'T KNOW
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prase* :: _ _ __ _
ALCOHOL

Sow I l-.ave a few q-jestions on alcohol consumption.

414. Did you aver drink alcoholic b«v«rag«s?
(093) 1

2 « No (CO TO QUESTION 415)
8 - REFUSED
9 - DON'T KNOW

414.1 Do you presently drink alcoholic
(094) 1 - Yes (GO TO QUESTION 414.1.2)

2 - No
8 - REFUSED TO ANSWER (CO TO QUESTION 415)
9 • DON'T KNOW (CO TO QUESTION 41S)

414.1.1 How old were you when you quit?
(095-096) __ __

88 • REFUSED TO ANSWER
99 - DON'T XNOW

414.1.2 How old were you when you began drinking alcoholic
beverages?

(097-098) __ __
88 • REFUSED TO ANSWER
99 • DON'T KNOW

414.1.3 On the average, how many drinks a week do you have?
(1 DRINK - 1 BECK, 1 SHOT LIQUOR OR MOONSHINE, 1
CLASS WINE OR WINE COOLER)

(099-100) __ _ _
88 • REFUSED TO ANSWER
99 • DON'T KNOW
LESS THAN I/ week » 00



r.-.e next set cf —-estiop.s are aoout activities a.-.d ;cai you way r.ave.

416. In the last 90 days have you worked ai a miner cr in a ninir.-
related job such as mine material handling or -ranaportatisr.?

(171) 1 « Yes
2 * No (CO TO 423)
9 « DON'T KNOW (GO TO 423)

417. what type of mine work did you do in the last 90 days?
(Circle all that apply.)

Yes No DON'T KNOW
(172)
(173)
(174)
(175)

(176)
(177)
(178)

(179)
(180)
(181)
(182)
(183)
(184)
(185)
(186)

a.
b.
c.
d.

e.
f.
5-

418. What type of
(Circle all

a.
b.
c.
d.
e.
f.
9-
h.

Underground
Surface
Milling
Transport at ion /
handling
Clerical/Admin.
Smelter
Other
IF OTHER, specify:

mine did you work
that apply. )

Y
Lead
Zinc
Silver
Molybdenum
Coal
Limestone
clay
Other
XF OTHER, SPECIFY:

in

es
1
1
1
1
1
1
1
1

1 .
1
1

1
1
1
1

the last
No Oi
2
2
2
2
2
2
2
2

2
2
2

2
2
2
2

90

an'
9
9

9
9
9

9
9
9
9

days?

t know

419. What is the name of the place where you work (have worked)?

420. How long have you worked (did you work) there, in years and
months?

__ __ Years
(1S7-18S)

_. __ Months
(189-190)

421. Do (did) you change out of your work clothes and leave them at
work?

(191) 1 • Always
2 • Sometimes
3 » Never
9 • DON'T KNOW

422. Do (did) you shower at work before coming home?
(192) • 1 • Always

2 • Sometimes
3 • Never
9 - DON'T KNOU
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(215) •->• Pair.t, glaza, and i.-.k
manufacture? 1 2 3

(216) x. Rubber manufacture? 1 2 9

(217) y - Scrap metal recovery? 1 2 9

(213) xl. Other lead related job
o r activity? 1 2 9

SPICIFT

(219) z2. Other cadniua related job
or activity

SPECIFY.

424. Have you done any of the following activities in the last
month?

Yes No
(220) a. Painted a house or building

inside or out? 1 2
(221) b. Painted or refinished furniture? 1 2
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423. Zoes your .-.susenoid have a garden :..-. your yard?

(262) 1
2 - No (CO TO 434)
9 - DON'T KNOW (CO TO 434)

429- IF YES, Do you frequently till, plant or work the garden
yourself?

(263) 1
2 • No
9 » DON'T KNOW

430. Has soil been hauled in and placed on your garden?

(264) 1 • fee
2 • No
9 » DON'T 1QIOW
IT TZS, Specify from where ____________

431. How often do you eat vegetable* grown in your garden?

(265) 1 » Once a week or more
2 • Less th«a once per week
3 • Never (GO TO 434)
9 • DON'T KNOW (CO TO 434)

432. How often do you eat leafy green vegetables,
(such as lettuce or spinach) grown in your
garden?

(266) 1 • Once a week or more
2 • Less than once per week
3 • Never
9 • DON'T KNOW

433. How often do you eat root vegetables, (such as
be«ts or turnips) grown in your garden?

(267) 1 • Once a week or more
2 • Less than once per week
3 • Never
9 • DON'T KNOW
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HiN: 30 TO INO

rOR WCHEN CN"LY:

Now I have a couple questions on pregnancy and Sirth control pills. : ask
these cuestisns because they can affect the results of the blood tests we will
.ie doing.

438. Are you pregnant?
(272) 1 • Yes (GO TO END)

2 « No
7 * Not applicable (male subject)
8 > REFUSED
9 - DON'T KNOW

439. Are you taking birth control pills?
(273) 1 « Yes

2 » No
7 » Not applicable (male subject or 438 answered YES)
8 « RZrtJSED
9 » DON'T KNOW

END:

This completes the questionnaire. Do you have any questions or comments
about it?

Thank you for your tine).

4S
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SECTION 1
j

EXECUTIVE SUMMARY

1.1 BACKGROUND

- The Agency for Toxic Substances and Disease Registry (ATSDR) developed a
multisite approach to examine the interdependence between environmental

~i contaminant sources, human behavior, and socioeconomic factors that may influence
^ blood lead levels in susceptible populations. ,
-»*

Three sites on the National Priority List (NPL) came to the attention of ATSDR
as areas where residents require additional health evaluations. Lead and cadmium

-y, are the contaminants of specific concern. The NPL's sites included in this study are
-j (1) Joplin, Jasper County, Missouri; (2) Cherokee County Subsrte in Galena, Kansas;

and (3) NL Industries/Taracorp Site in Granite City, Madison County, Illinois. The
primary media and route for potential exposure at each of these sites are high soil
concentrations of lead and cadmium.

Health officials in each of the three states represented agreed to participate in
.1 conducting exposure studies to assess the degree to which residents were being

exposed. The similarity in study design for the three sites made it feasible to include
~| the individual studies In a larger multisite study approach. During the months of

November 1990 through March 1991, ATSDR met with representatives and officials
from the three State Departments of Health who agreed to participate in the Multistate
Study.

i

'. 1.2 OBJECTIVES
i

ATSDR, through Contract No. 205-90-0839, assigned Midwest Research
Institute (MRI) the responsibility to provide laboratory services and support the
collection of biological-data for the Multistate Study. MRI's objectives for the project
were:

' • To collect, process, store, and transport blood and urine specimens from
study participants to the Centers for Disease Control/Center for
Environmental Health and Injury Control (CDC/CEHIC) for analysis for

~* lead, cadmium, free erythrocyte crotoporphyrin (FEP), alanine-amino
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1

pspticass (AAP), gamma-glutamyitransferaso <GGT;, ,'V-acsiyi 2-
gluccsamindase (NAGA), crsatinine, and several irnrnunoicgical
indicators.

To provide analysis sen/ices for routine blood and urine tests, using local
hospitals and Roche Biomedica! Laboratories (Roche) in Kansas City,
Missouri.

To implement a Quality Assurance/Quality Control (QA/QC) program to
assess the quality of the data from the routine blood and urine tests and
to provide comprehensive and traceable data to ATSDR.

1.3 SUMMARY OF RESULTS

MRI supplied qualified personnel to collect blood and urine specimens from
1,705 study participants at the three study sites and to process, store, and transport
the specimens for the analytical tests shown in Tables 1 and 2. The sites, number of
participants, and dates of collection were as follows:

Site Number of participants Dates of collection
Joplin, Missouri 701 July 16-August 27, 1991

Galena, Kansas 163 September 10-30, 1991
Granite City, Illinois 841 August 22-September 20, 1991

Summaries of the number of specimens collected for specific tests are shown in
Tables 3 and 4. Control and replicate specimens were generated at the rates of 15%
and 10%, respectively, of the number of participants for the routine blood and urine
tests shown in Table 4. Table 5 is a summary of the number of specimens generated
for each QA/QC specimen type.

1.4 ORGANIZATION OF REPORT

The remainder of this report provides detail on project organization (Section 2);
preliminary activities (Section 3); collection, processing, storage, and transport of
specimens (Section 4); analysis activities (Section 5); and collection, analysis, and QC
results (Section 6). The Appendices contain the CDC/CEHIC laboratory protocol,
examples of documentation forms, and detailed collection results and QC data for the
control and replicate specimens.



Table 1. BLOOD SPECIMEN COLLECTION

Lead' EDTA 0.5 mL 4°C

Shipping
Instructions

Overnight/batch

Cadmium* EDTA 0.5 mL 4°C Overnighl/batch

FEP' EDTA 0.5 mL 4°C Overnight/batch

CBCe EDTA 1 mL 8 h/on ice Local/daily

Immunoglobulin' Red top Freeze Overnighl/batch

Biomedical tests* Red top 3mL 4°C Overnight/batch

Immune panel* Heparinized 1.5mL Control room temp. Overnight/daily

Total volume 7.0 mL

• Analysis by CDC/CEHIC.
b One tube was used to collect the blood for Pb, Cd, and FEP.
c Analysis by local hospital laboratories.
d One tube was used to collect the blood for the IgG and biomedical tests.
* Analysis by Roche Biomedical Laboratories.

Notes:
A. Tests listed by priority (or collection and analysis.
B. Syringe and butterilyA/acutainer apparatus was used to collect specimens from children ages 6 mo

through 6 yr old.
C. The immunoglobulin test was performed from a 0.5-mL aliquot of the serum collected for the

biomedical tests.
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Table 2. URINE SPECIMEN COLLECTION

Cadmium1

GGT/AAP1

NAGA'

Creatinine*
Urinalysis6

On-site void
On-site void
On-srte void
On-site void
On-site void

10 mL

10 mL

5mL

5mL

5mL

HNO3

Glycerol

No preservative
No preservative
No preservative

• Frozen immediately (-200C',, stored, and shipped with dry ice
overnight. Analysis by CDC/CEHIC.

b Stored at 4°C. Analysis by local hospital laboratories.

I



SECTION 2

PROJECT ORGANIZATION

Midwest Research Institute (MRI) worked with ATSDR and the Principal
1 Investigators (Pis) from each of the states to plan, coordinate, and conduct the
•* Multistate Study. The overall project organization is shown in Figure 1.

1 As cited previously, MRI's responsibilities included collecting, processing,
storing, and transporting blood and urine specimens to the various laboratories for
specific chemical and biomedical analyses, implementing a QA/QC program that was

I initiated at the collection site, and providing comprehensive and traceable data to
ATSDR.

I Specific activities performed by MRI to achieve the objectives of the Multistate
Study included:

] • Providing qualified personnel to work at each study site to collect,
process, store, and transport blood and urine specimens as specified in

1 the Revised Work Plan. Phlebotomists and lab staff were recruited near
i the study sites to perform this work.

~I • Contracting with Roche Biomedical Laboratories (Roche) to perform the
J blood chemistry panel specified in the Revised Work Plan.

j • Contracting with a hospital laboratory near each site to perform complete
•1 blood counts (CBC) and routine urinalyses (UA) for all specimens.

| • Coordinating all collection activities with the Missouri, Kansas, and Illinois
Departments of Health Principal Investigators (Pis).

] • Applying QA/QC procedures to maintain specimen integrity, and
providing control specimens and replicate analyses as required.

j • Providing appropriate documentation to track all specimens (using a
unique 10 number) through collection, processing, storage, and transport.

i
J • Transporting all specimens to CDC/CEHIC, Roche, and local hospital

laboratories for analysis under specified storage conditions.

8
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JH • Providing analysis resets by unique ID n-~cer for eacn spec:~er •:
ATSDR for the routine D;CCG and urine tests and biomedicai tests. ~us
test results provided by the local laboratories and Roche were receded

^ to MRI, reviewed, complied, and transferred by magnetic tape to ATSGR.

ri • MRI's day-to-day project management included the following responsibilities:
II

• Daily contact with the on-site coordinator and PI.

il • Receipt of copies of collection and shipping summaries.

3 » Receipt, review, and compilation of hard copy analysis results from
Roche and local hospital laboratories.

f[ • Evaluation of blind QC results received with each set of analysis results.

• Transcription of hard copy data onto a magnetic tape.
!|J • Reporting status of the project to the ATSDR project officer in required

weekly and monthly reports and as needed.
0

3
0

J
UAMWmOOM 1 0
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SECTION 3

PRELIMINARY ACTIVITIES

Several planning meetings were held with ATSDR, States, MRI, and
CDC/CEHIC staff between November 1990 and initiation of the study, including a
planning meeting in Atlanta in March 1991, which was attended by staff from all the'
agencies. These meetings were held to clarify the work and to define the
responsibilities of all agencies involved in the Multistate Study. MRI prepared a work
plan for the Multistate Study in response to a work assignment request from ATSDR
dated April 8, 1991. MRI's work plan was reviewed by ATSDR and subsequently
revised to address specific comments. MRI's work plan dated May 24, 1991 was
followed throughout the Multistate Study. A laboratory protocol for collection,
processing, storage, and transport of specimens was supplied by CDC/CEHIC and is
included as Appendix A.

Planning meetings were also conducted by MRI with local hospitals, Roche,
local labor resources, and couriers/shippers to arrange analysis services, labor, and
transport of specimens for the Multistate Study. These planning meetings included
prestudy site visits to evaluate collection facilities and shipping logistics. Preliminary
trials were conducted immediately before collection dates to ensure that all personnel
were properly trained.

Data management was planned in conjunction with the ATSDR Project Officer
and Data Manager. A meeting was held at MRI on July 10,1991, to discuss the data
management requirements, and subsequent planning with a local transcription service
followed. A test tape containing results from the CBC, UA, and blood chemistry tests
was submitted to ATSDR on September 17, 1991, and was approved on
September 30, 1991.

Additional details on the preliminary activities for each study site follow.
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SECTION 4

COLLECTION, PROCESSING, STORAGE, AND
TRANSPORT OF SPECIMENS

Specimens were collected, processed, stored, and transported according to the
laboratory protocol supplied by CDC/CEHIC (Appendix A). Specific information
regarding staff, facilities, supplies, scheduling, storage, and transport follows.

4.1 ON-SITE STAFF

Phlebotomy support was arranged through Roche for the Joplin, Missouri, and
Galena, Kansas, studies. One phlebotomist worked through both studies, but backup
staff was provided by Roche on occasion. College students and temporary help
provided urine collection, processing of specimens, and on-site coordination for the
Missouri and Kansas studies. The hospital staff at St. Elizabeth Medical Center
provided phlebotomy service, urine collection, specimen processing, and on-site
coordination for the Granite City, Illinois, study.

All staff were trained by MRI and COC/CEHIC staff during the preliminary trials
held at the sites prior to initiation of the collection. The CDC/CEHIC laboratory
protocol (Appendix A), the MRI Revised Work Plan, and supporting documentation
forms (Appendix B) were used in the training. Figure 4 shows the overall collection,
processing, storage, and transport scheme which was used for the Multistate Study.
All handling and packaging of specimens were performed in compliance with the
following documents:

• Memorandum oi Instructions for Packaging and Shipping of Biomedical
Materials, October 24, 1988 (supplied by ATSDR).

• 42 CFR Part 72—Interstate shipment of Etiologic Agents.

• MMWR August 21, 1987—Recommendations for Prevention of HIV
Transmission in Health-Care Settings.

• MMWR June 24, 1988—Universal Precautions for Prevention of
Transmission of HIV Virus, Hepatitis B Virus, and Other Blood-borne
Pathogens in Health-Care Settings.

16
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All cr-Site cerscnnei wro were involved witn cc.!ect:r:g, processing, s t c r r c . :'
c-ackirg specimens for transport were instructed en the regulations and the correct
means of handling and packaging the specimens. Copies of the above listed
documents v/ere available at each collection site. As a safety precaution, a solution of
5,000 ppm sodium hypochlorite (1:10 dilution of household bleach in water) was
available at each collection site to decontaminate any spills that might have occurred.

Supervision of the staff was provided by the on-site coordinator hired by MRI,
and was supported by technical advice provided by the PI on site and CDC/CEHIC
staff by telephone.

4.2 COLLECTION FACILITIES

The collection facilities were selected by the States with several considerations
in mind, including convenience to participants, privacy, availability of bathrooms,
utilities, telephones, storage, safety, and cleanliness. Details regarding each collection
facility follow.

4.2.1 Joplin, Missouri

Specimens from the study population were collected from July 16 through
August 6 at the Jasper County Health Department. Blood collection and processing
was performed in a partitioned area in an upstairs office. The urine specimens were
collected and processed in a downstairs laundry area convenient to the restrooms and
the waiting area. Since no fume hood facilities were available, urine specimens
needing the addition of nitric acid were taken daily to a local university to perform that
function. A room was available for storage of specimens and extra supplies. A phone
was installed by the State, and copies of collection logs were made at a nearby
library. No telefaxing service was available.

Collection activities were moved to the Neosho Auditorium on August 7 where
specimens from the control population were collected through August 27. Blood
collection and processing was performed in a stairwell area, and the urine specimens
were collected and processed in a partitioned area convenient to the restrooms. No
fume hood facility was available, so urine specimens needing the addition of nitric acid
were taken to a nearby hospital pharmacy to perform that function. A closet was used
for the storage of extra supplies. A telephone and copy machine were available for
use as needed. No telefaxing service was available.

4.2.2 Galena, Kansas

The Baxter Memorial Hospital (non-operating) facility was used for the collection
of specimens from both the study and control participants. Blood collection and

18



processing were performed in the hospital pharmacy. A patient room with a restr:c~
was used for urine collection and processing. A fume hcod was available in the
pharmacy for the nitric acid addition to selected urines. There was sufficient space in
the collection areas for storage of extra supplies. A telephone and copy machine
were available for use as needed. No telefaxing service was available.

4.2.3 Granite City, Illinois

Specimens from the study and control populations were collected at St.
Elizabeth Medical Center. A large room, which was convenient to restrooms and the
waiting area, was set up for blood and urine processing. There was sufficient space
in the collection area for storage of extra supplies. A telephone, copy machine, and
telefax machine were available for use as needed.

4.3 COLLECTION SUPPLIES

Collection supplies for the Multistate Study were provided by CDC/CEHIC, MRI,
and the States. Table 6 gives a summary of the supplies used and by whom they
were provided.

4.4 SCHEDULING PARTICIPANTS

Scheduling participants for interviews and specimen collection was performed
by staff from the individual States. Scheduling was adjusted based on the number of
participants, the time of the first and/or last appointment, shipping restrictions, and the
COC/CEHIC work load. Generally, the days and hours of operation for each site were
as follows.

Site Hours of Operations

Joplin, MO M-F, varied hours
Galena, KS . M,W—3 p.m. to 8 p.m.; T.Th—11 a.m. to 6 p.m.
Granite City, IL M-F, 8 a.m. to 8 p.m.

These hours were adjusted as necessary based on the factors mentioned above. The
schedules were given by the State's PI to MRI's on-site coordinator on a daily basis.

19



Table 6. SUMMARY OF COLLECTION SUPPLIES PROVIDED BY
CDC/CEHIC,MRI, AND THE STATES4

Supplier
CDC/CEHIC

MRI

Missouri

Kansas
Illinois

Supplies
Screened collection supplies (for Pb and Cd specimens)
Containers for other specimens analyzed by CDC/CEHIC.
Protocol, collection logs
Specimen labels
Shipping containers
Band-Aids™, gauze
Serum separator and transfer tubes (through Roche)
Centrifuge (through Roche)
Urine tubes (through local hospitals)
Slides for blood smears (through local hospitals)
Facility equipment
Paperwork
Shipping supplies
Slide mailers
Juice, toys, candy, Band-Aids™
Candy, toys
None
Juice, toys, McDonald's* certificates

Some supplies were provided jointly by more than one agency participating in the
study.
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4.5 STORAGE OF SPECIMENS

Specimens were stored according to the conditions identified in Tables 1 and 2
and shown in Figure 4. Prior to transport, room temperature specimens were stored
at ambient temperature, refrigerated specimens in a refrigerator, and frozen
specimens in a freezer. During transport, room temperature was maintained in the
insulated shipping container by enclosing unfrozen cold packs, and refrigeration and
freezing was maintained by enclosing frozen cold packs and dry ice, respectively, in
the insulated shipping containers.

4.6 TRANSPORT OF SPECIMENS

MR1 arranged the transport of all specimens to local hospitals, Roche, and
COC/CEHIC. Specimens for CSC and UA were delivered to the local hospital
laboratories at least twice a day by MRI's on-srte staff. The blood chemistry
specimens were transported to Roche in Kansas City by their courier (Missouri and
Kansas) or Flexfieet courier (Illinois). The specimens collected for the immune panel
were shipped daily to CDO/OEHIC. The remaining specimens (frozen blood serum
and urine) were batched and shipped to CDC/CEHIC at least once a week.

Specimens going to CDC/CEHIC were transported by Flexfieet couriers to the
nearest major airport (Missouri and Kansas—Tulsa, Oklahoma; Illinois—St. Louis,
Missouri), flown to Atlanta by Delta Dash, and delivered to CDC/CEHIC by
Dependable Courier. Shipments were scheduled for overnight service with delivery to
CDC/CEHIC by 10 a.m. The only exception was Granite City, Illinois, where Federal
Express was used on Fridays, with Saturday delivery by noon.

4.7 REDRAWS

A second blood specimen was collected and transported to CDC/CEHIC for
analysis for those participants found to have elevated blood lead levels. The collection
and transport was arranged by MRI, using the same phlebotomists hired for the
studies.

For the Joplin, Missouri study, 12 blood specimens for lead analysis were
collected from participants having blood levels > 15 ug/dL Six of the specimens were
drawn during the Galena, Kansas collection in September, 1991; four were drawn at
the Jasper County Health Department and two at the Joplin Health Department on
September 25, 1991, and November 22,1991, respectively. For the Galena, Kansas,
study, redraws for blood lead analysis were performed on December 23,1991, for
three participants with blood lead levels of > 15 ug/dL The collection was performed
in the participants' homes.
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Forty-seven redraws were performed" January 6-15, 1332, at St. Elizabeth
Medical Center in Granite City, Illinois for those participants with blood lead levels of
> 10 u,g/dL

All of the blood lead specimens werr refrigerated prior to and during shipment
to CDC/CEHIC for analysis.
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SECTION 5

ANALYSIS ACTIVITIES

Analysis activities performed by MRI for the Multistate Study included clinical
chemistry support, data management, and Quality Assurance/Quality Control. Details
about each of these analysis activities are given in this section.

5.1 CLINICAL CHEMISTRY SUPPORT

MRI was responsible for the recruitment, training, and QC oversight of the
laboratories hired to perform the CBC, UA, and blood chemistry analysis. Local
hospital laboratories were recruited to perform the CBC and UA, primarily due to the
need to complete these analyses within 8 hrs of collection. The laboratory managers
were provided lists of the tests required for the studies, and performed as the primary
contact point for the MRI project leader to obtain status reports. The CBCs were
performed on a Coulter Counter instrument; UAs on a Clinrtek* 200.

Roche was recruited to perform the blood chemistry panel primarily due,to the
Kansas City location and the need to use one laboratory for all three sites of the
Multistate Study. The laboratory manager was provided a list of analytes desired for
the study, and a custom panel of test results was arranged by Roche. Day-to-day
contact to obtain status reports on analyses was maintained with the laboratory staff.
The instrument used for the blood chemistry panel was an Olympus DEMAND.

The analysis laboratories and the tests they performed are shown in Table 7.
Specific components of those-tests are shown in Tables 8 and 9.

5.2 DATA MANAGEMENT

Hard copy test results for individual participants were received at MRI from
Roche and the local hospital laboratories. These data were compiled by MRI staff into
individual files for each participant (by unique ID number), for each control, and for
each replicate. The participant test results were copied and sent to a transcription
service (Datatran, Kansas City, Missouri) where the data tapes were prepared using
double entry procedures. The data tapes were 1600 bits per inch (bpi) in IBM format
(EBCIDIC).
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Table 7. LABORATORIES PROVIDING CLINICAL CHEMISTRY SUPPORT FOR
THE MULTISTATE STUDY

Roche Biomedical Laboratory
1706 North Corrington Avenue
Kansas City, MO 64120

Freeman Hospital
11 02 West 32nd Street
Joplin, MO 64804

St. Elizabeth Medical Center
2400 Madison Avenue
Granite City, IL 62040

MO, KS, IL

MO, KS

IL

Blood chemical panel
Reticulocyte count*

Complete blood count,
reticulocyte count
Urinalysis
Complete blood count,
reticulocyte count
Urinalysis

excluding

including

* Performed by Roche for the MO and KS studies due to labor limitations at
Freeman Hospital.

24



Table 8. BIOMEDICAL TESTS (SERUM)

•: .̂?':i.-:::S':i4Ki.?iS;liS^
: ^::k:;:x'-:;:-iiJ:nFest:?̂ ;:jpil;il5
AST (SGOT)"

ALT (SGPT)e

GGT*

Albumin
Total protein

Creatinine
BUN0

Electrolytes
Sodium
Potassium
Chloride

illllllftiiiiiRifiH
0-6 mo

7-12 mo
1-5 yr

6-10 yr
> 10 yr

0-120 IU/L
0-1 10 IU/L
0-75 IU/L
0-60 IU/L
0-50 IU/L
0-50 IU/L

Male
Female

0-65 IU/L
0-45 IU/L

3.5-5.5 g/dL
Newborn

<2 yr
4.6-7.2 g/dL
5.7-8.2 g/dL
6.0-8.5 g/dL

0.5-1.5mg/dL
. 7-26 ng/dL

135-148 mEq/L
3.5-5.5 mEq/L
94-109 mEq/L

Expected coefficient
2pf*yî 8HWSi)*fC

5.41

8.33
6.45

2.78
3.23

4.76
7.14

1.43
2.44
1.98

* Provided by Roche Biomedical Laboratories.
b Aspartate Aminotransferase.
e Alanine Aminotransferase.
d Gamma-Glutamyttransferase.
* Blood Urea Nitrogen.
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Table 9. ROUTINE BLOOD AND URINE TESTS

Blood

Urine

CBC to include:
Hemoglobin and hematocrit
White blood cell count and differentials*
Red blood ceil count, indices, and
morphology
Platelet estimate and reticulocyte count

Chemical urinalysis (routine dipstick)
Microscopic urinalysis, if indicated
Specific gravity

* Two blood slides will be prepared for manual determination
of differential.
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The number of records and participant ID numbers were verified at MRI prior to
submission of the data tapes and corresponding bound data summary sheets for each
citp tn AT.9DR on December 20. 1991.site to ATSDR on December 20, 1991.

Slide mailers containing blood smears for manual differential were received at
MRI from the local hospitals. The mailers were labeled with the patient ID number
and packed numerically by site in labeled shipping boxes. The blood smear slides
and bound inventories for each site were submitted to CDC/CEHIC on November 1
(Missouri) and November 26 (Kansas and Illinois).

The flow of project data at MRI is summarized in Figure 5.

5.3 QUALITY ASSURANCE/QUALITY CONTROL

Quality assurance/quality control activities performed by MRI included
documentation, generation of controls, replicates and blanks, and review of test results
for the routine blood and urine tests.

5.3.1 Documentation

Standard laboratory QA/QC procedures and guidelines were applied to ensure
that specimen integrity was maintained throughout collection, processing, storage, and
transport. These procedures and guidelines included:

• Training of personnel by MRI in the procedures incorporated into the
specimen collection and shipping protocol supplied by CDC/CEHIC and
the MRI work plan. A copy of the protocol and associated work plan
elements was available at each collection site for reference.

• Application of replicate labels containing a unique ID number to all
specimens associated with a study participant. These sequential
numbers were supplied by Mr. Charles Dodson of COC/CEHIC, and were
blind to the analysis laboratories.

Application of the unique ID number for blind replicates to the paperwork
for the participant from whose specimen the replicate was prepared.

• Documentation of the collection and processing of each specimen on the
collection logs.

• Documentation of the generation of quality control specimens on a daily
QA/QC log.

27



Hospital
i

Roche
i

Data Receipt at MR1

States
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Blood Smear Slides Hardcopy Test Results

CDC/CEHIC Review, Reporting of Abnormals

Hardcopy Data Files

JL
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Data Summary Duplicate Files Data Summary

Summary Report Transcription Service Summary Report

Final Data Tape

Figure 5. Flow of project data at MRI.
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INTRODUCTION

The NL Industries/Taracorp site (henceforth Taracorp) is

located in a mixed industrial and residential area of Granite

City (Madison County), Illinois. Taracorp is one of 41 National

Priority List (NPL or Superfund) hazardous waste sites in

Illinois. For the State of Illinois, the Illinois Department of

Public Health (IDPH), in conjunction with the Agency for Toxic

Substances and Disease Registry (ATSDR), evaluates each Superfund

site's potential to harm public health.

The exposure study described here was undertaken as part of

a larger study of Superfund sites with lead contamination in

several states. The objectives of the Illinois part of the

Multistate Lead and Cadmium Exposure Study were as follows:

1. To determine the concentration of lead and cadmium in

blood and urine in target populations.

2. To determine the level of lead and cadmium

contamination in environmental media in target areas.

3. To compare these levels with levels of contamination *~^

. ,/-.>«*• /̂ "̂ observed in comparable non-target areas.
**

Other parts of -the multistate study not reported here

include three mining and/or smelting sites in other states where

the potential for exposure to lead and cadmium also existed. The

objectives in these studies are similar. Cadmium is not present

in higher than background concentrations in the Granite City

area; however, cadmium data were collected for the sake of
consistency.
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BACKGROUND

The population within a three mile radius of the Taracor?

site numbers 34,000 and the closest residents live within 100

yards of the boundary. Although the site is located in Granite

city, two other towns, Madison and Venice are also located in

close proximity to the site. A map is attached to illustrate the

area (Figure 1).

Industrial history

Operations at the present Taracorp site started in 1895 as

MarJcle Lead Works. Markle Lead Works manufactured lead shot and

clay pigeons. Fire destroyed most of the facility in November,

1900. In 1901, the plant was rebuilt and included a lead

smelter. Between 1901 and 1903, processes at the site included

manufacturing lead shot, sealing wax, mixed metal, rolled sheet

metal, and dross refining1. Between 1895 and 1903, Hoyt Metals

purchased the site from Markle Lead Works. In 1903, United Lead

purchased the smelter from Hoyt Metals. After 1903, secondary

smelting capabilities were added2. In 1928, NL Industries

(formerly National Lead Company) acquired the smelter from United

Lead. Battery recycling began in the 1950s. In 1979, NL
Industries sold the site to its present owner, Taracorp

Industries.

1 Dross is the name given waste products or impurities from
the surface of molten metal.

2 Secondary smelting is the process of smelting lead-bearing
materials other than ores such as slag or matte (a by-product of
smelting containing metal sulfides and metal oxides).



Taraccrp operated a secondary s-elter wi~h the cacaci-y -z

produce 22,000 tons of lead products per year. In 1983, Taraccrp

ceased smelting in an effort to reduce lead air emissions, but

continued to operate the metal refining and fabricating

facilities at the site. A slag storage area is located on the

southern boundary of the site. A preliminary site assessment

performed in May 1983 estimated that 200,000 tons of lead waste

were present at the site. Most of this waste was in and around

the slag storage area. The slag storage area contains slag,

metallic lead, lead oxide, cadmium, arsenic, iron oxide, silica,

rubber and plastic battery cases, general refuse, drums and

matte.

St. Louis Lead Recyclers (SLLR) borders Taracorp on its

southwest boundary. St. Louis Lead Recyclers was established in

1980 and was originally intended to reclaim lead from batteries.

In 1982, St. Louis Lead Recyclers reached an agreement with

Taracorp, allowing them to recycle various materials from the

Taracorp waste pile. Between 1981 and 1983, it has been

estimated that SLLR processed approximately 11,000 tons of

Taracorp's waste pile. -Materials that could not be recycled

(i.e., slag and hard rubber) were placed southwest of the waste

pile. In June 1983, SLLR discontinued recycling lead from the

waste pile.

Trust 454, Terminal Railroad Associates Inc., Illinois

Central Gulf Railroad, Chicago and Northwestern Railroad, and

Tri-Cities Trucking Inc. own properties bordering the site. St.



Louis Lead Recyclers is the present tenar.t en the lar.d owned bv

Trust 454.

The former secondary lead smelter contributed to off-site

soil contamination during eighty years of airborne lead emissions

related to smelting, surface run-off, and fugitive dust emissions

from contaminated on-site surface soil and waste piles. The

United States Environmental Protection Agency (USEPA) placed the

site on the NPL in 1984. Taracorp ceased smelting operations

shortly afterward.

Characterization of site prior to the study

Soil

Soil samples collected on-site in 1988 contained lead in

concentrations ranging from 1,500 to 48,000 mg/kg (ppm) . Slag

piles and other surface waste are estimated to contain up to

300,000 mg/kg (ppm) of lead. Cadmium soil concentrations in 37

samples ranged from <2 mg/kg+12 mg/kg. Off -site samples

collected from residential yards and gardens revealed lead
concentrations that ranged from 106 to 9,493 ppm (mean * 1,030

ppm, median - 90S, n - 40) and cadmium concentrations of 0.4 to

15.7 mg/kg.

Surface water

The two main surface water bodies, the Mississippi River and

Horseshoe Lake, are some distance from the site and are monitored

frequently. They have shown no evidence of site-related heavy

metal contamination.



Air

Ambient air monitoring was performed throughout the late 1970s

'and early 1980s. Air lead levels taken from monitors closest to

the site regularly exceeded the 1.5 /xg/m3 National Ambient Air

Quality Standard (NAAQS) for lead during this period. The

highest quarterly average recorded was 7.3 nq/m* during the final

months of 1981 with a 1981 yearly average of 3.03 /ig/m3. Because

of persistent air standard violations, Taracorp was denied a

permit by the Illinois Environmental Protection Agency (IEPA) to

operate the smelter in 1983. Since the smelter ceased

operations, air lead levels have remained well below NAAQS

standard.

Ground water and dust samples

Ground water contamination by lead and other inorganics

directly under the site has occurred. However, this water is not

used for drinking water. No information was available on
concentrations of lead or cadmium in house dust.
Human exposure

In 1982 and in 1983, the IDPK determined blood lead levels

in 99 individuals of 43 households within 3.2 km of the lead
smelter. This group included 47 children under the age of 6.

The mean blood lead level of these children at that time was 0.64
/mol/L (13.2 pg/dl) and a range of o.05-1.79 /*mol/L (1-37 /ig/dl) .
Similar blood lead levels were found in 31 children in Venice, an

adjacent town in 1983. The mean blood lead levels for children

of that age in the United States at the time was about 0.73



(15 /zg/dl) . The IDPH, -ogerher with ATSDR, cc-ple-sd a

health assessment on the Taracorp site in 1991. It was concluded

•based on the extent of lead contamination and possible human

exposure that a*potential health risk existed. This finding

along with citizen concerns prompted the present exposure study.



METHODS

Rationale for study design

For this cross-sectional study, the primary hypothesis to be;-f>
tested was tharc lead in soil contributed significantly to blood

lead levels in children. It was postulated that if soil lead was

an important source of lead exposure, participants living farther

away from the smelter where soil lead levels were presumed to be

lower, would be less likely to have elevated blood lead levels

than those living closer.

Although other age groups were included in the study, the

major focus of the study was on children ages 6 through 71 months

that had lived for at least 3 months at their present address.

After a child has lived in an environment for about 90 days the

blood lead levels should reflect the current exposure following a

summer of outdoor play. Sine* young children are more

susceptible to the effects of lead, and are more likely to be

exposed, the sampling strategy for selecting study participants

intentionally over-sampled this group. Other eligible residents,

ages 6 through 45 years, were included from the target and

comparison areas in smaller numbers and some older persons were

included as well.

Selection of the target and comparison area

In 1991, the area of the NPL site and proposed cleanup area

extended 0.8 kilometer (1cm) from the smelter. Following a site

visit and a census, participants were recruited from within and



fron outside this area in concentric rings extending for

3.2 km. No suitable comparison group that was not a continuum cf

the area proposed for cleanup area by USEPA could be identified.

An attempt was-made to include another residential area, Pontoon

Beach, however, the houses there were built in the last three

decades or represented trailer parks of recent vintage. Resident

interest in participating in the study was also low. Within a

reasonable distance from the study site, no other small-to-iaediura

sized towns could be identified with a housing stock of similar

age and a population of similar socioeconomic status as the study

area.

It was, therefore, decided to recruit study participants

fron areas of Granite City, Madison, and Venice with similar

housing stock but differing in proximity to the defunct lead

smelter. Since no separate control group was available,

hypothesis testing comparisons in the Illinois part of the study

will primarily consist of regression analyses. There was no

distinct physical separation between the children living closer

and further away from the smelter. By using regression analysis,

the functional relationship between the different variables of

lead in paint, dust, soil and blood lead was examined taking

socioeconomic, behavioral and other factors into account as well.

However, dichotomous analyses of the data are also performed by

dividing the population into two groups using soil lead

concentration greater than or equal to (£) 500 ppm (500 mg/kg)

and less than (<) than 500 ppm (500 mg/kg) as cut-off points.
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Making such ccr.parisons reduces the sensitivitv ci the stuiv i-~

may introduce a bias since other relevant risk factors in the

study population vary with soil lead concentration and distance

from the defunct smelter. Regression analyses is, therefore, the

more appropriate approach.
L]Phase I; Census survey and enrollment of participants [^ *,, f-f>

In the summer of 1991, a census of part of Granite City, and

all of the two adjacent towns of Venice and Madison was conducted

by the IDPH. Four residential sampling areas were defined based

on earlier IEPA data. These data suggested that the soil lead

concentrations decreased with distance from the smelter. It was

presumed that sampling ajreâ l, closest to the smelter, had the

highest soil lead concentrations. This was the area placed on

the NPL by the USEPA. Sampling area 2 was presumed to have soil

lead concentrations ranging from slightly above to slightly below

500 rag/kg (ppm), while the soil lead concentrations in sampling

areas 3 and 4 were lower (i.e. approximately background which may

range from non-detectable levels to 200 mg/kg (ppm)).

The initial definition of sampling areas was somewhat

arbitrary. Knowledge of exact soil lead concentrations in the 4

sampling areas was not necessary for the purpose of sample

selection. The objective was to achieve a fairly representative

range and distribution of soil lead values in the final study

sample. Exact soil lead data were collected in the course of the

study, and these data would replace the initial sampling area

designations in most analyses.



A ccpy of the census fcrsi is artac.-ed (Attachment i; . Tr.-a

IDPH trained the interviewers and conducted the census. The

census takers went from house to house interviewing the head of

household or a knowledgeable adult surrogate. The census data

were grouped into city blocks and the blocks were grouped into

sampling areas. Sampling area 1 occupied the smallest geographic

area. Some houses in sampling area 2 were still in the USEPA

cleanup area while the houses in sampling area 3 and 4 were

entirely outside the cleanup area. Age, gender, and length of

residence was recorded for all individuals within each household.

A 90-day residency was required for participating in the second

phase of the study. This requirement insured that the children

had spent the summer at their present residence and had time to

build up blood lead levels reflective of their environment. The

second phase consisted of collecting household and personal

interview data, blood and urine specimens, and environmental

samples.

Phase II; Interviews

Based on the information obtained in the census (phase

I), all families with children under the age of six in the census

area were contacted in the latter part of August and during the

month of September 1991 and invited to participate in the study.

The household identification number of the census was retained

and used for the household questionnaire and the environmental

samples. In addition, each participant received an

identification number that was linked to the household
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identification number. All females listed as pregnant en the

census forms were invited into the study if they had not given

birth in the interim. A number of families participated because

the age of their children was entered erroneously on the census

form or one of their children had recently had a birthday and was

now six years old or older. Some families with children under

six requested that all children be tested. Thus, in the

selection of the study population the age of the children was a

controlling factor. Most older children and adults participated

because a member of their family was less than six years of age.

However, there were 33 families without a child under 6 years of

age. ̂ One of these families was chosen because of pregnancy. For

'other families, the index case's date of birth had been recorded

wrong on the census form and the child was not yet 6 months old

or older than 6 years.

Appointments were made and the participants were asked to

come to a centrally located office, where the interviews were

conducted. The parents or guardians were asked to sign a consent

form approved by a human studies review board (Attachment 2). A

questionnaire (Attachment 3) was administered by trained

interviewers. Minors old enough to sign their name were also

asked to sign the consent form and the contents of the consent

form was explained to all participants. The participants were

informed that all identifying information would be kept

confidential and that personal identifiers would be removed prior

to publication of the data or submitting the data to any

11



government agency. Permission was also cb-ained at this -:.- = :;r

the collection of environmental samples at a later date.

Questions were asked about the household, occupation,

hobbies, income and education of the parents, behavior of the

children, and all potential exposures to lead. The questionnaire

consisted of two parts, one dealing with the household and one

with the participant. Some questions in the household

questionnaire (e.g. those concerning occupations and hobbies.) had

fewer than ten affirmative responses. Many of these questions

dealt with mining activities. These questions were not relevant

for the study in Illinois. They were part of the questionnaire

since the same questionnaire was also used for studies at mining
—————-~"~—————_^_ __

Jnfrequent affirmative responses were not used in the

statistical analyses. However, they were occasionally of

importance in the evaluation of possible reasons for elevated

blood lead levels. The questions concerning time spent in

different locations was transformed to create a single variable

expressing the average time spent at home. The participant

questionnaires were separated by age: 6 to 71 months, 6 to 14

years and IS years and over.
Phase III : Biolooleal specimens

Following the interview, the participants donated a venous

blood and a urine specimen at St. Elizabeth Medical Center.

Specimens were obtained by trained pediatric phlebotomists.

Urine was either collected in 250 ml sterile collection cups or

in 150 ml sterile collection bags for children not yet toilet

12



trained. details of the collection of specimens, handling cf

specimens and laboratory nethods are reported by Midwest Research

Institute (MRI) (Attachment 4).

Laboratory methods and quality control

Clinical laboratory analyses of biomedical tests (blood and

urine specimens) included the measurements reported in Table 1.

These tests were either performed by the Centers for Disease

Control and Prevention (CDC) in Atlanta, GA, St. Elizabeth .

Medical Center in Granite City, or the LaRoche laboratories in

Kansas City, MO. The transport and handling of specimens was

supervised by MRI and COC. The blood was analyzed for lead at

COG using a published method (Miller et al., 1987). This method

has a limit of detection of 0.03 /imol/L (0.6 jtg/dl) . Additional

venous blood specimens were collected four months and one year

later from children with an initial blood lead level greater than

0.48 jimol/L (10 jxg/dl) and analyzed for lead at COC.

The Complete Blood Counts (CBCs) were performed at St.

Elizabeth Medical Center. The other clinical laboratory tests

were either performed by LaRoche laboratories or by CDC. The

sample collection and the data management was supervised by MRI

and by COC (Attachment 4). Urine samples were analyzed for

cadmium according to the method reported by Pruszkowska et al.

(1983) with a limit of detection of o.l ng/L. In addition to

analyzing the samples from the participants, duplicate samples

and quality control samples were also analyzed. This is

described in detail by MR! in Attachment 4.

13



Environmental Sar.oles

Soil, house dust, and drinking water were collected cv a

'contractor of the USEPA-Region V (Chicago). In-situ paint

analyses were performed on indoor paint using X-ray fluorescence

(XRF) by an experienced lead paint inspector on contract to

USEPA. A copy of the EPA sampling protocol is appended

(Attachment 5). Up to eighteen readings were taken in three

frequently occupied rooms from walls and wood work. Up to twelve

exterior readings were also made. The XK-3 XRF instruments used

in this study lose their sensitivity at lead paint concentrations

above 10 mg/cm2. At these higher concentrations, the amount of

lead in paint above 10 mg/cm2 was estimated by using the average

weekly calibration time to get a 10 mg/cm2 reading and by

dividing the test reading (i.e. 10) by the ratio of the time to

obtain a reading over the average calibration time. The

condition of the paint where a reading was made was also rated.

The condition code for the inside of the house was (1) intact,

(2) slightly peeling, (3) moderately peeling, (4) extremely

deteriorated. The measurements of the lead content of outdoor

paint was subcontracted through the Illinois Department of Public

Health and the Institute for Evaluating Health Risks with the

same contractor used by USEPA-Region V, (Chicago) for interior

paint readings. For the outside of the house, three conditions

were used: good, fair and poor. Some imprecision in measuring

lead levels in paint is unavoidable since levels at the higher

end of the measurements had to be calculated and since surfaces

14



and subsurfaces enccunterea in the field -ay affec- the readi-~3

i.e. background scatter). Additionally, sorr.e of the houses had

been re-sided, covering old lead paint underneath. These facts

must be considered when interpreting the results. Ratings for

the exterior condition of the house were missing for 59 houses or

15*. We assigned the mean building condition score of 1.389 to
- —_______ -—————————————————— \i\

these houses to be able to use building condition in the (j

regression analyses. Building condition missing values were not

associated with any other variable and regression analyses

including a missing value dummy variable showed that this

procedure had no effect on the calculations.

The soil samples were analyzed by EPA method 6010 using

inductively coupled argon plasma emission spectroscopy (ICAP).

Both wet and dry soil lead levels and total solids were

determined by the laboratory. Only the dry weight lead levels

are reported here. Obvious paint chips were removed prior to

soil analysis. A detailed description for the methods used to
collect and analyze the environmental samples is appended
(Attachment 5). Thirty-nine duplicate soil samples were also

analyzed as a quality control measure.

Lead in dust was analyzed similar to the soil analysis

(Attachment 5). The concentration of lead in house dust is not
the best indicator of potential lead exposure because the size of

the different areas that had to be vacuumed to obtain sufficient

dust varied. A variable named "dust load" was calculated by
dividing the dust sample weight by the surface area vacuumed and
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multiplying this ratio by the dust lead concentration. The

load" transformation used in this report combines the lead

concentration and the amount of dust present in the house in one

variable.

The concentration of lead in drinking water was determined

in a first draw sample by graphite furnace atomic absorption.

Cadmium similarly was determined in house dust and soil by ICAP

emission spectroscopy and in water by graphite furnace atomic

absorption. The limit of detection for lead in house dust was 20

ppm (rag/kg), for soil £20 mg/kg and for drinking water £2 ppb

(M9/L). The limit of detection for cadmium in house dust was 2

ppm (mg/kg), soil 1.0 ppm (mg/kg), and for drinking water £0.5

ppb (>tg/L) .

Reporting of results to participants

The participants were informed of their individual clinical

and environmental results by letter. The results of the clinical

tests were presented at a public meeting in the Spring of 1992

without revealing the identity of the participants to reassure

residents and encourage parents of untested children to have them

tested. All faailies with at least one child with a blood lead

level of 0.48 padl/L (10 jig/dl) or above were visited, and

potential sources of lead in the immediate environment of the

child were identified for the guardians. The guardians were also

instructed in nutrition, in personal hygiene of the children, and

in reducing exposure through housekeeping and minor remediation

of trouble spots in or outside of the homes.
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DATA ANALYSIS METHODS

Data entry and transformation

The census forms were key entered into ASCII files under the

supervision of IEHR and were manipulated by two microcomputer

data- base management programs dBase IV and BMDP-EM Data Manager.

The preceded questionnaire data were directly entered into

electronic data files./Key data points were entered twice to

assure accuracy. ——— "ix-Hf"! £ l-r LJ^£- U'ff/rT ,

The clinical laboratory data were supplied electronically

and in paper form by the different laboratories performing the

analyses. The environmental data were supplied electronically

and in paper form by the USEPA contractor and by the IDPH

contractor. For values below the limit of detection".half of the

value of the limit of detection was used. For thcMCRF readings,

the value 0.001 rag/cm2 was used for zero readings on walls

^without painted surfaces. This was done to assure that no cases

were dropped during the calculations since in SAS the log of o is
treated as missing. The assignment of the low number is similar

to assigning one half the limit of detection. This number did

not affect the analysis, however, it made it possible to use all

V available data.

The XRF data for five houses, lead levels in dust for six

samples and lead levels in drinking water for four samples are

missing because permission was not granted by some participants

for the EPA collection team to enter their homes. In addition,
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the raring cf rhe outside condition cf the houses 13 rr.issir.g f:r

15% of them. The nissing data appeared to be random and -.o

. significant association was found between missing building

condition and any other variable.

Since intact paint is less likely to result in exposure, we

transformed the XRF reading by multiplying each paint XRF reading

by its surface condition. The sum of all indoor paint conditions

multiplied by the XRF readings for a house was divided by the

number of measures taken to yield an average condition times XRF

for each house. The same transformation was performed for the

outdoor XRF readings. The transformed XRF variables produced

modest improvements in correlations with blood lead.

The distance and direction of each house from the defunct

smelter was estimated by mapping the houses and measuring the 'ry

distance with a ruler. These distances are only approximate.

Statistical analyses

Statistical analyses were done using- the Statistical

Analysis System (SAS) for the microcomputer. Univariate

(descriptive) statistics were run on all variables. Only summary

statistics (means, medians, and ranges) will be reported.

Distributions of.the biological and environmental data were

positively skewed. Log transformation of these data resulted in

more normal distribution. Where log-transformations were

performed, the geometric means of these variables are also

reported.
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Variable selection

Simple bivariate Pearson correlations, analysis of variance,

't-tests, and Chi-square analyses (with high/low blood lead

grouping of sub'jects under six years of age) were inspected to

eliminate additional variables that did not appear to be

associated with blood lead. However, some variables (e.g. water

lead) that could have been eliminated at this stage were retained

based upon a priori hypotheses that all of the environmental

samples would contain some lead and would have some impact on

blood lead levels.

Bivariate analyses are presented for many combinations of

variables. Blood lead values equal to or greater than 0.48

jimol/L (10 pg/dl) were used to define the high blood lead group

among children under 6 for group comparisons and the more

important predictor variables. The composite soil data were used

to compare the group living in areas with soil lead levels of

less than (<) 500 ppm (mg/Jcg) to a group living in areas where

the soil lead levels (were greater than or equal to) (>) 500 ppm

(mg/kg) of lead in soil. This type of comparison, a dichotomous

analysis, divides the continuous data into 2 parts based on a

priori hypotheses such as comparing children under 6 with blood

lead levels below and above 0.48 Mmol/L (10 Mg/dl), or children

under 6 living in houses with concentrations of lead in composite

soil samples of below (<) and above or equal (>) to 500 ppm

(mg/kg).
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Multiple regression/correlation modeling (Cohen ar.d Co-en

1975) which produces a set of multiple correlation coefficients

was conducted for three purposes. First, multiple regression was

used to help identify variables that had some utility for

predicting blood lead levels in this population. Second, a

maximum regression coefficient R2 improvement analyses was

conducted to identify the set of variables with the greatest
•

predictive utility. Finally, hierarchical regression modeling

was conducted to evaluate the contribution of soil lead to blood

lead and house dust lead. Hierarchial regression modeling

involves the sequential addition of variables to a multiple
regression equation. At each step in the sequence a sat of on*

or more variables is entered to those already entered and a

standard regression equation is derived. The increment in R2

represents the independent contribution of the last set of ^-^
variables to the total variance accounted for by the regression

model at that point. Hierarchical regression provides a means of
testing the significance of a relationship while controlling
statistically for the effects of other variables that could

confound or modify the relationship.
Controlling for variables such as age, sex, and

socioeconoaic status (SES) may "over-adjust" the relationship

with blood lead and other key variables in the regression

analysis. Therefore, only a^very small set of predictor
variables was analyzed through hierarchical regression.



RESULTS

Participation rates

Census y I

The census resulted in the collection of 5,734 household

census forms. Census workers werer unable to interview anyone at

600 addresses (10.5%). (jSome of theses addresses were believed to

be vacant houses and apartments, but no definite occupancy

determination could be made. There were 5,134 usable census

forms.

Based on responses contained in the census questionnaire,

906 (17.6%) households met the initial qualification criterion

for participation in the study. One or more children under 6

years of age had lived in that dwelling for at least three

months. After completing initial phone calls or screening

visits, if the home lacked a phone, 116 households were

disqualified for a number of reasons, the most common of which
were: 111 the-.family had moved since the census, or they were away

My .
on vacation-; /2\ all of the children were younger than 6 months or

(*%)older than 6 years;/3N the family had lived at their present
^ &} vaddress for less than 3 months;/*} the child under 6 either no

"longer lived there, or had not yet lived there for 3 months.

Residents of the neighboring community of Pontoon Beach were

included in the initial census as they were considered as a

possible second group of study control subjects adjacent to the

eastern border of Granite City and about 7.2 km removed from the
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defunct smelter. However, Pontoon Heach was dropped fron the

final study target population because there appeared to be only

25 Pontoon Beach families in the census who qualified for

selection and because the houses were newer or the children

resided in a trailer park. This resulted in a final "nominal"

target population of 790 households. This number includes

households where, subsequent to administering the census

questionnaire, no further contact was made.

Exposure interviews

Of the 790 target households, 355 (45%) participated in the

study. Another 33 participating families (not counted in the 45%

participation rate) lived in the target area, but they did not

have a child under six years of age. This situation most often

resulted when the youngest child in the family had aged into the

next older age group by the time the family entered the study,

when the child was no longer living at home, or when a child

under six refused to give blood, or blood could not be collected,

but other family members still wanted to participate. Since none

of the children from those 33 households were less than six, the

data for that group of households are not used in the main

analyses discussed in this report.

A total of 266 (34%) households refused to participate.

Many reasons were given for refusal. Most of the families that

refused stated that they did not want to subject their child to

the study's blood sampling procedure. /Some of the adults
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contacted expressed hostility or distrust, in sor.e cases

confusing our study activities with the E?A cleanup.

Another 159 (21%) target households listed in the census
/,

could not be contacted, orwere schedules but

appointments. Many of those who missed'appointments were unable

to come in for seemingly valid reasons (sickness, vacation, work

schedule conflicts), while some were rescheduled many times and

may have been "passive" refusals. Most of households in this

group were difficult to contact. Of the 790 target households

with young children ,̂ 3*0% had no telephone number^bn the census

form, making follow-up contacts difficult even though the house

was visited several times. Study qualification, participation,

and refusal rates are presented in Table 2.

Participation by sampling regions

The target population for this study was geographically

divided into four sampling areas. The areas can approximately be

described as four concentric circles, as in a target, with the

Taracorp site at the bull's-eye. These sampling regions were

intended to roughly reflect a gradient in a priori estimates of

soil lead levels. The sampling areas were of unequal size, with

sampling area 1 (closest to Taracorp) containing the smallest

number of houses. When the study was done in 1991, this area

represented the potential cleanup area. It extended roughly

0.8 - 1.0 km out in all directions from the Taracorp boundary.

Sampling areas 2 and 3 were each roughly 0.8 - 1.0 km in width,

and area 4 was roughly 1.2 km in width.
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Participation by sampling areas is presented in Table ;.

Participation rates were similar for each sampling area, with a

slightly lower rate of participation in area 4, the region

farthest from Taracorp. Denominators for the rates in Table 3

include all 790 target households identified in the census.

The participants lived in 338 separate households.

Occasionally more than 1 family shared a household. There were

230 families with l child under 6, 106 families with 2 children

under the age of 6, and 14 families with 3 or more children under

the age of 6. In some of the larger families not all children

had the same parents. A total of 212 youth ages 6-14 were

included in the study from 107 households. Of these, 56

households had 1 youth and 51 had 2 or more resulting in an

average number of youths (ages 6-14) per household of 1.98. A

total of 123 teenagers and adults also participated in the study.
:

These individuals cam* from 87 households, with 51 households

supplying only 1 adult. There were 101 non-white children in our

study population. Of these, 87% were of African-American decent.

Participant characteristics

The participant characteristics differed by sampling area.
Overall, 17% of the heads of household had not finished high

school, 45% graduated from high school, and 38% had advanced

education. The educational level achieved by the parents of the

children under 6 years of age with blood lead levels above and

below 0.48 Aimol/L (10 /ig/dl), differed significantly (p<0.001).

Among the heads of household whose children had blood lead levels



above 0.43 ̂ moi/L (10 ^g/dl), 25% had not finished high schccl,

42% had a high school diploma, and 23% had some higher education.

'For the heads of household with children with blood lead levels

below 10 ;ig/dl "(0.48 /mol/L) , 14% had not finished high school,

46% had a high school diploma, and 40% had higher education.

Fifty-eight percent of the heads of household with children under

6 with blood lead levels above 0.48 /tmol/L (10 jig/dl) had incomes

of less than $15,000 per year. Only 41% of parents with children

whose blood lead levels were below 0.48 ̂mol/L (10 ^ig/dl) were in

this group. In the income bracket of $15,000-25,000, 24% had

children with blood lead levels above 0.48 jtmol/L (10 ^g/dl) and

for 22% blood lead levels were below 0.48 ;imol/L (10 /xg/dl) . At

income levels of $25,000 or above, 37% had children with blood

lead levels below 0.48 nmol/L (10 jtg/dl) while 18% had children

with blood lead levels above 0.48 pmol/L (10 /xg/dl) . This was

statistically significantly different (p<0.01). As income
increased, the chanca that a child in the family had an elevated

blood lead level decreased, however, education was a better

predictor of blood lead levels than income.

At least 1 smoker was present in 263 or 68% of the

households. In 5% of the households 6 or more smokers were

present. The mean number of cigarettes smoked per household per

day was 16 with a range of 0-88. A total of 341 or 87.8% of the

388 households had air conditioning.

In households with air conditioning, the average number of

cigarettes smoked per day was 17.6, and, in houses without air
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Use or summary sheets tc document collection cf specimens ana
generation of QC specimens each day.

Examples of ail documentation forms are given in Appendix B.

5.3.2 Controls

The on-site personnel generated quality control specimens for the biomedical
tests and routine blood and urine tests. "Blind" controls were obtained from Baxter
Scientific Products as follows:

• Biomedical Tests—Dade* Moni-Trof* blood chemistry controls,
lyophilized, assayed serums in the normal and abnormal ranges were
used. (Lot Nos. LTS-29, PTS-118, and PTS-117).

• Urinalysis—Hycor Biomedical KOVA-trol* human urine controls in the
normal, high abnormal, and low abnormal ranges were used. (Lot
Nos. 17192, 17920, and 30490).

• CBC—S/P* Brand Diff-Trol* 8 Plus hematology controls in the normal,
high abnormal, and low abnormal ranges were used. (Lot
Nos. BWT-172, BWT-173, and BWT-174).

A procedure for preparing the control specimens was written, used in training,
and maintained on-site for reference. The procedure is included in Appendix 0.

The blind controls were included at the rate of 15% of field specimens
submitted to Roche and the local hospital laboratories for analysis.

5.3.3 Replicates

Blind replicates were prepared at the rate of 10% of field specimens and were
submitted to Roche and the local hospital laboratories for analysis. Urine specimens
of sufficient volume were split to provide UA replicates, and extra tubes of blood were
drawn from older participants to provide CBC and blood chemistry replicates.

A procedure for preparing the replicate specimens was written, used in training,
and maintained on-site for reference. The procedure is included in Appendix D.
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5.3.4 Blanks

Field blanks for urine cadmium were prepared daily using water prescreened by
CDC/CEHIC. The procedure for preparing the blanks is included in the CDC/CEHIc"
Protocol (Appendix A) and in Appendix D. The field blanks were transported with the
urine cadmium specimens to CDC/CEHIC for analysis.

5.3.5 Review of Participant's Test Results

Each individual participant's test results received in hard copy at MRI from
Roche and the local hospital laboratories (blood chemistry, CBC, and UA) were
reviewed for abnormal results by MRI staff. Abnormal results were reported to a
designated person at each site by telephone, and hard copies of the results were
subsequently mailed.
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III. ENVIRONMENTAL SAMPLE COLLECTION

Preparation for the environmental sample collection begins at the
field office. The environmental team will be given an assignment
for the morning or the entire day. Once the assignment is
received, the environmental team members will check the accuracy
and completeness of the data on each environmental sample form.
The Dwelling ID Number and other identifying information should
be on all the environmental forms.

The environmental team will then calibrate the Paint XRF
instruments (Princeton Gamma -Tech XK-2 or XK-3) . Both the
Princeton Gamma-Tech XK-2 and the XK-3 instruments will be used.
Both instruments operate on the same principle. The newer model,
the XK-3 is capable of reading only to a maximum of 10 mg
Pb/sq.cm. Paint in the older housing may have higher
concentrations of lead, thus, when monitoring teams visit older
housing, i.e., those built before 1940, the XK-2 should be used.

After the necessary calibration of equipment, the environmental
monitoring team should make certain that all equipment and
supplies are ready for use (see checklist) .

All members of the team should wear appropriate identification.
All members should be introduced to the residents along with a
short explanation of the monitoring process (see Attachment) .

Exterior and interior samples will be collected. The interior
samples and information to be collected is as follows:

1) Collection of tap water samples.
2) Sketching a floor plan of the residence.
3) Collection of interior surface dust samples.
4) Water system evaluation.
5) Screening for lead in painted surfaces; walls and trim,

avoiding metal doors outlets, etc.
6) Collection of soil samples.

1. IMTBRIOR SURFACE DUST

Interior surface dust is collected by using a Hoover brush vacuum
cleaner 1/3 HP, 2 Amp motor S-1083-100. At each collection a
coffee filter will be fitted into the dust collection area.

The interior surface dust sample will consist of a composite of
at least three sub-samples taken from the following areas in the
residence:

1) An area adjacent to the main entrance.
2) A floor area in the room most-utilized by the subject

child.
3) A floor area in the child's bedroom.



Additional sub-sanples should be added to the composite sar.pie,
for example, from window sills which are accessible to children.

The main entry sample is collected from the floor close to the
entry door. The entry mostly used by the family should be used.
The identification of sample sites from the most frequently
occupied room and the child's bedroom will be determined partly
by the floor covering present in those rooms. If the floor is
carpeted, an adequate sample can readily be collected from almost
any pathway in the room. A pathway might consist of an area
immediately inside of a doorway into the room or an obvious
pathway from one side of the room to the other. In rooms where
there is no carpeting, the most likely place to find an adequate
supply of surface dust would be an area immediately adjacent to a
wall. For each floor surface a one meter square area should be
vacuumed.

The dust sample is collected by vacuuming the area three times.
The first collection should cover the entire area completely,
vacuuming back and forth in one direction. The collector should
then turn 90 degrees and vacuum the entire area once again.
Finally, the third collection should be taken from the original
position.

As each sub-sample is collected, its location should be indicated
on the floor plan which was completed earlier. Car* should be
taken to note the total number of the areas sampled. At the
completion of the sample collection, the coffee filter will be
removed from the collection device, folded and secured in a
sample container. The dwelling ID number and the sample number
should be written on the side of the filter paper and the outside
label of the container.

2. WATER SAMPLE

To be added later

3. Ti*j*n pMNT 3CMENIK6

The first step in the survey of lead paint in the residence is
the calibration check of the instrument. For both instruments it
is necessary to make calibration readings prior to taking any
readings in the residence and to record those calibration
readings on the paint survey form. Three separate readings will
be made on the standards provided with the instruments. For
calibrating the XK-2, readings should be taken with the high-lead
standard, the zero-lead standard, and the 2.99 mg Pb/sq cm paint
standard. The XK-3 is checked by using the zero-lead and the
1.50 mg Pb/sq cm standards. All calibration information should
be added to the FORM 07 XRF Lead Paint Screening work sheet.



Tvo surfaces, painted woodwork and walls, in three separate rccr.s
of the residence will be evaluated. -'npainted surfaces, such as
paneling, wallpaper and unpainted woodwork will not be screened.

The three most frequently occupied roons or areas of the
residence will be screened. These areas will very likely be the
living room or.family room, the kitchen, and the subject child's
bedroom. If these rooms are unpainted, then other alternative
rooms will be selected.

In order to characterize the paint and surfaces in a given room,
at least one painted wall and on* painted trim in the room (door
or window sill) should be screened. When screening the woodwork,
three separate readings will be taken at three different
locations on the woodwork. A similar procedure will be used for
screening painted walls within a room. One reading will be taken
on each of three separate wall areas, either on the same wall or
on different walls within a room. If all walls are painted the
same color, then the three readings can be taken from one wall.
If the walls are painted different colors, then a reading from
the different colored walls should be included. The mean of the
three readings should be recorded for each room.

At the completion of the interior paint screening, the exterior
painted surfaces should be screened. Three separate areas on the
outside of the structure should be screened for lead. As with
the interior screening, unpainted surfaces should not be
considered. The selection of areas to be screened should be
based upon: (1) apparent differences in the color and/or age of
paint, (2) the apparent condition of the paint, (3) differences
in surfaces, for example, painted walls vs. trim. The locations
of all paint XRF readings should be noted on the sketches
completed by the monitoring team or teams. All XRF readings
should be recorded on the forms entitled lead paint screening.

In addition to the paint lead screening, the environmental
monitors will make an evaluation of the condition of painted
surfaces. This evaluation will be a rating scale of 1 to 4:

1) Intact
2) Slightly Peeling
3) Moderate Peeling
4) Extremely Deteriorated

4. SOIL SAMPLING

To be added later



APPENDIX A: FIELD SAMPLING PROTOCOLS

Note: In the event of inconsistencies between the following
protocols and the QAPP, the protocols shall govern.

Preparation for the environment sample collection begins at the
field office. The environmental team will be given an assignment
for the -mer-ning or the entire, day. Once the--assignment is
received, the environmental team members will check the accuracy
and completeness of the data on each environmental sample form.
The Dwelling ID Number and other identifying information should be
on all the environmental forms.

The environmental team will then calibrate the Paint XRF
instruments (Princeton Ganuaa-Tech XK-2 or XK-3). Either the
Princeton Gamma-Tech XK-2 or the XK-3 instruments, or both, will be
used. Both instruments operate on the same principle. The newer
model, the XK-3 is capable of reading only to a maximum of 10 mg
Pb/sq. cm. Paint in the older housing may have higher
concentrations of lead, thus, when monitoring teams visit older
housing, i.e., those built before 1940, the XK-2 should be used, if
available. If the XK-2 is not available, an attempt should be made
to extrapolate values greater than 10 mg Pb/sq.cm. with the XK-3.

After the necessary calibration of equipment, the environmental
monitoring team should make certain that all equipment and supplies
are ready for use.

All members of the team should wear appropriate identification.

Exterior and interior samples will be collected. Exterior samples
to be collected are soil samples. The interior samples and
information to be collected is as follows:

..1) Collection of tap water samples.
2) Sketching a floor plan of the residence.
3) Collection of interior surface dust samples.
4) Screening for lead in painted surfaces; walls and trim,

avoiding metal doors outlets, etc.

Z. Soil Sample collection

The Primary method of determining the lead content of the soil will
be by acid digestion and graphite furnace atomic absorption
spectrometry.



A. Site Description

For each location, a detailed drawing should be made that shows the
boundary of the .lot, the position of the main building and any
other buildings such as storage sheds or garages, the position of
the sidewalks, driveways, and other paved areas, the position of
the play-»a3peas. if obvious,-and—the position of—the.-areas with
exposed soil (grassy or bare), roof rain spouts and general
drainage patterns.

In addition to the diagram, briefly describe the location,
including the following information:

Type of building construction (brick, wood,
etc- l or 2 story)
Condition of main building
Condition of property (debris, standing water,
vegetation cover)
Presence and type of fence
Animals on property
Apparent use of yard (toys, sandbox, children
present)
Location of 10 soil aliquots

B. Sample Collection

Sample Collection shall be performed as outlined in the QAPP, with
the exception that all aliquots will be of equal volume and will be
mixed in a stainless steel bowl prior* to packaging. Assemble
composite soil core segments in 8 ounce glass jars suitable for
prevention -of contamination and loss of the sample. Record the
sample identification number on the bag and the sample record
sheet. Store the. composite soil sample at ambient temperature
until submitted to the laboratory for analysis.

Clean the corer after collecting each sample composite by
reinsertion of the corer into the soil of the next sampling area.

c. sample Handling and Storage

Seal the sample jars to prevent loss or contamination of the sample
and store samples in a dry location at ambient temperature.
Record-keeping and Sample Custody: Initiate soil sample records
for each location. Record sample numbers on location diagram, soil
area description, and sample record sheet. Send the sample to the
laboratory and release the sample to the laboratory personnel for
analysis.



II. surface Oust Collection

A. sample Collection

A portable "dustbuster" type vacuum cleaner will be used; due
to the sample size required, the Sirchee-Splittler modified
dustbuster- will not be -ased. Use a new-̂ bag. for each
household, to avoid cross-contamination. In order to ensure
that the sample size is sufficient, either weigh the sample
using a field scale or collect a large enough sample to ensure
that three to five grams of dust have been collected.

B. Sample Areas

The interior surface dust sample will consist of a composite
of sub-samples taken from the following areas in the
residence:

Entry (E) : A floor area inside the residence directly
adjacent to the main entry to the residence.

Floor (F): At least 3 floor areas which should include
but are not limited to a sample from a high-traffic area
in the main living area and a sample from the child's
bedroom. If carpet is present in the residence it shall
be the first choice of sample area. If carpet is not
present, a mixture of non-carpet floor areas will be
sampled.

Window (W): At least three window areas (window sills
and window wells), including but not limited to a window
in the main living area and a window in the child's
bedroom.

The main entry sample is collected from the floor close to the
entry door. The entry mostly used by the family should be
used. Th« identification of sample sites from the most
frequently occupied room and the child's bedroom will be
determined partly by the floor covering present in those
rooms. If the floor is carpeted, a larger sample can readily
be collected from almost any pathway in the room. A pathway
might consist of an area immediately inside of a doorway into
the room or an obvious pathway from on* side of the room to
the other. In rooms where there is no carpeting, the most
likely place to find an adequate supply of surface dust would
be an area immediately adjacent to a wall. For each floor
surface, an approximately one meter square area should be
vacuumed. Additional living areas (e.g. additional floor
areas, around furniture, etc.) Should b« vacuumed, if
necessary, to obtain an adequate sample size. In no event
shall dust be obtained from household areas where dust



generally collects for long periods of tise, such as behind
major appliances, under beds, etc.

s ,

The sample sequence should be as follows: collect the
bedroom, kitchen and living room samples firsr. Then, collect
the floor sample from the entry way. Then, collect the window

—'——well samples. —F-ina-1-ly, if necessary-p-col-lect the samples-f-rora
additional living areas.

c. sketch of Residence

In order to more fully describe where samples have been
collected, a top view of the residence will be made by the
sampling crew. This sketch should show the primary features
of the residence, including a north arrow indicator and the
relationship of the various rooms to each other. The sampling
areas should also be indicated. Rooms should be labeled
according to their apparent function.

IZZ. Water Sampling

Residents will be provided with clean, capped bottles and
instructed to collect water on the day of scheduled
environmental sampling. The sampling team or its manager
should give the following instructions to the resident who
will collect the sample:

The tap water sample should be taken from the cold water
faucet of the kitchen. It should be a first flush sample of
water that has been standing in the pipes from 6 to 13 hours.
There are two options for the time a sample is taken: (1) it
can be taken first thing in the morning, or (2) if all of the
residents of the household have been out of the house for the

.. entire day, it can be taken at the end of the day (i.e. dinner
time). Labelled plastic bottles will be provided for the
sample. The bottle should be completely filled with water.
The sampling teas will pick up the sample at a convenient time
on the day of scheduled environmental sampling.

Before dropping off a water collection bottle, the appropriate
member of the sampling team will fill out and affix the label
provided. The chain of custody form will be initiated when
the collectors pick up the water sample. Region V will record
pH and conductivity prior to acidifing the sample.
At the end of each collection day, water samples will be
acidified with nitric acid, per required protocol. After the
addition of the nitric acid to the water sample, the initials
of the person adding the acid to the sample and the time and
date will be recorded. In no event will the nitric acid
preservative be provided to the residents.



WATER SYSTEM EVALUATION

An evaluation will be made of the plumbing under the kitchen sink
in order to determine the composition of water lines servicing the
kitchen sink. The water supply beneath the kitchen sink generally
consists~t3f-hot and cold -water-pipes coming front-either the wall-
behind the sink or, occasionally, up through the floor into the
cabinet beneath the sink. These supply lines generally terminate
at shut-off valves beneath the sink. The supply lines continuing
from the shut-off valves are generally of different material than
the supply lines going to the shut-off valves.

Supply lines in residential construction can be copper, galvanized,
PVC, or lead pipe. PVC pipe is easily identified because of its
plastic composition. Copper pipe can be identified by scraping the
surface corrosion from the pipe to reveal the bright copper color.
Galvanized pipe can be recognized by the threaded fittings if
present and visible or by the hard surface of the pipe. Lead pipe
can be recognized by the softness of the material. It is easily
bent into shape and can be scratched with a knife blade or other
hard tool. When scratched, the exposed surface is silvery in
color.

The supply lines running from the shut-off valves to the sink
generally are copper, chrome-plated brass or PVC. The PVC is
easily recognized because of its plastic composition. Chrome-
plated brass is also easily recognized because of the shiny
surface. Copper can be identified by scratching the surface to
reveal the copper color. Identifying the composition of the
plumbing system beneath the sink completes the evaluation of the
plumbing system. All information should be recorded.

IV. Paint sampling Protocol using an XRF Analyzer

A. Background and Selection of surfaces

The concentration of lead in paint will be determined by using
an X-ray fluorescence, analyzer. Two types of instruments may
be used, the XK-2 or the XK-3, both manufactured by Princeton
Gamma-Tech, Inc. The XK-3 with a range of 0-10 mg of Pb per
cm3 will be the primary instrument used. If available the XK-
2 will be a backup and also used in the event a reading on the
XK-3 exceeds 10 mg/sq cm*.

In each residence two surfaces, a painted woodwork and a
painted walls in each of three rooms or areas most frequently
occupied by the subject child will be evaluated (e.g. child's
bedroom, kitchen, living room). One reading will be taken at



three different locations on each type of surface. The
identity of the rooms and the ?b found in the paint will ba
recorded. In addition, a copy of a floor plan of the

residence will be available to the technician and on which the
sample location will be noted. All unpainted surfaces, such
as paneling, wallpaper, and unpainted woodwork will not be
tested. —In- -the event a room—selected is unp*inted an
alternate room will be selected and this information recorded.

In order to characterize the paint and surfaces in a given
room at least one painted wall and one painted trim in the
room (door or window sill) should be screened. When screening
the woodwork, three separate readings will be taken at three
different locations on the woodwork. A similar procedure will
be used for screening painted walls within a room. One
reading will be taken on each of three separate wall areas,
either on the same wall or on different walls within a room.
If all walls are painted the same color, then the three
readings can be taken from one wall. If the walls are painted
different colors, then a reading from the different colored
walls should be included. Whenever changing areas or
locations, one reading should be taken to clear the machine
prior to taking the actual reading to be recorded. The
arithmetic mean of the eighteen readings should be recorded as
the reading for the house. Each individual reading will also
be recorded to provide data for future follow-up actions, if
necessary.

XRF readings will be taken by placing the instrument on the
designated surface and opening the shutter. (More accurate
readings can be obtained from flat surfaces so curved surfaces
will be avoided). Once the shutter is opened the lead content
of the paint will appear as a visual numerical display on the

. instrument. The operator will read the number for the other
team member to record. This will be repeated back to the
operator.
In addition to the paint lead screening, the environmental
monitors will make an evaluation of the condition of painted
surfaces. This evaluation will be a rating scale of 1 to 4:

1) Intact
2) Slightly Feeling
3) Moderate Peeling
4) Extremely Deteriorated

B. Operation of the XR7 Analyzer to Determine the concentration
of Lead

At the start of each day the performance of the XRF
instruments are evaluated using standard procedures. Prior to



taking readings at the residence, calibration checks vili
occur using reference material prepared by the Department of
Housing and Urban Development. After the designated areas in
the home have been sampled and before the team is ready to
leave, the' instrument's calibration will once again be
checked. All calibration information should be added to the
FORM 07 XRF Lead Paint Screening work sheet, if available, or

——equivalent form. -—-—— ————— ..——

Following is the Operating Procedure for the XK-3 unit:

1. Remove the battery pack, coiled cable, and XK-3 unit from-the
carrying case.

2. Connect the battery pack to the XK-3 unit, using the coiled
cable.

3. Locate the LOCK SWITCH underneath the handle toward the rear
of the unit and push it forward. A red light over the display
window will now glow to indicate. that the instrument is ready
to perform its analysis as soon as the shutter is opened.

4. Depress the RED RESET button on the back plate of the unit,
just above the coiled cable connection, and hold for 8-10
seconds.

5. Grasping the wooden handle, position the face-plate of the
instrument against the surface to be measured and push down
firmly and evenly on the handle to* spring the shutter open.
The red light over the window will now blink to indicate that
the shutter is open and that the measurement is taking place.
As soon as the shutter opens, the previous read-out in the
window vanishes, leaving the window blank except for a single

.. decimal point.

6. Keep the handle firmly depressed until the new read-out
appears.

7. When the new read-out appears, release pressure on the handle.
The display window retains read-out until the handle is pushed
down again to begin another measurement.

8. Push the lock switch back to the lock position when readings
are completed.



ATTACK-MEN;1

STATES ENVIRONMENTAL PROTECTION AG'VCY
REGION V

DATE: 24 OCTOBER 1991

SUBJECT: SAS REQUESTS FOR THE NL INDUSTRIES TARACORP LEAD SMELT
SITE-, GRANITE CITY, IL K7

FROM: JAN PELS, RSCC

TO: ELENOR MC LEAN, SMO SAS COORDI?TATOR

The sampler is ESE. The activity does not fit into a standard
category; it is a Superfund non-enforcement ATSDR Multi-State Lead
Exposure Study.

The samples have already been collected and will be shipped within
one week of award of the SAS contracts. While the number of
samples is large, the analysis is for two metals only. A single
lab for each matrix type is preferred (one lab for the waters and
one lab for the soils) . Please keep me informed if during the
solicitation this requirement becomes a problem.

There will be a total of 414 soil samples and 446 water samples for
lead and chromium analysis using the two attached SAS requests.
For each matrix/ we will require a 14 day turnaround on
approximately 40 samples each. These priority samples will be
identified up front and will be sent as the first shipment. All
remaining samples will then be shipped within a few days. Data for
the remaining samples will be due within 42 days of VTSR. This
will allow the lab to perform the sample analyses at a rate of
approximately 100 samples per week for the remaining 4 weeks after
submission of the priority sample data.

Note that for the water samples, the lab is required to FAX the
RSCC or ship out via overnight mail the results for the first 10
samples. The Region will review the data within 2-3 days of
receipt and will contact SMO to confirm that the analyses can
proceed according to the specifications in Section 8 of the SAS
with a lesser rate of analytical spikes.

Please call if you have any questions.

Thank you.
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4. Estimated date(s) of collection: September & - October &. 1991____________

5. Estimate date(s) and method of shipment: ASAP after lab selection; Federal Express

6. Number of days analysis and data required after laboratory receipt of samples:

21 days after receipt of last sample in each SDG (20 samples) (21 days is negotiable

for a SDG vithin the context of the entire project).________________________

7. Analytical protocol required (attach copy if other than a protocol currently
used in this program):

Samples and blanks vill be acidified vith 5.0 ml of SOt HNO- per liter to pB <2. Saaiol

vill not be digested prior to analysis because of insignificant suspended solids content

from a public vater supply tap. If suspended solids art noted, they vill be so indicated

on traffic report, and lab vill digest samples (per SOU 3/90) prior to analysis. Lab vil

also shake saaples prior to any analysis. Lab vill also digest staples at its discrgtion

if suspended solid* are noted (for first 1AQ staples collected, observations are that ncn

should require digestion).________

All standards, blanks, and initial and continuing calibration verification standards

vill be matrixed-matehed to the saaple preservation (3.0 mL of 501 HNO, per liter).____

Instrumental analysis vill be Method 213.2 CLP-H* (Atomic Absorption, Furnace_____

Technique) foe Cd and Mtthod 239.0 CLP-H* (Atomic Absorption, Furnace Technique) f:r Pb.

Calibration range) of each CFAA should cover che range of 0.1 or 0.2 to 2 or A ug/L far Ce

Cd and 1 or 2 to 23 oc 40 ug/L for Pb. _______



3. Sseciai : = c.-.n:cal i.-.s :r_c;:c.-.s (if cutsise protocol
names, CAS -uaoers. cecectisn limits, etc.) (Cont.):

that :-.e reT-ainir.g samples vill be analysed usir.g analytical spikes a: a lessor :":-- ---

as described here._____________________________________________

After verification: it is expected thai the samples of uniform matrix can be tested

vithout an analytical spike for each sample- Analytical spikes are to be perf^r^ed a: =

frequency o£ 1 in 5 or 1 in 10, vith recoveries of 85 to 1152. If analytical spikes arg

outside of this range, all intervening samples are co be retested. or MSA is to be

follovgd. Sample dilution is alloved for cadmium to achieve desired accuracy and still

meet the required detection limit. Sample dilution is not alloved for lead to meet re-

quired accuracy. The decision of vhether to use 1 in 10 or 1 in 5 analytical spikes vill

be made by the laboratory based on consequences for reanalysis and instrument instability

QC requirements vill be mandatory. Data art not to bt qualified by the lab for spike/

dup. problems (except for unusual samples) vithout prior approval of SHO and Region V.

Analytical results required (if known, specify format for data sheets, QA/QC reports,
Chain-of-Custody documentation, etc.)- If not completed, format of results vill
be left to program discretion.

SOV 3/90 deliverables vill be modified to allov for quantitation directly from the

calibration curve. Any samples digested vill follov SOW 3/90 and vill require full GFAA

"decision tree". Initial 10 to 20 Cd and Pb analysis vill be performed according :o fui:

GFAA "decision tree" of SOV 3/90 and vill be provided to SHO and Region V for reviev and

acceptance of subsequent scheme for GFAA analyses. These initial analyses can be ::3vid-

by fax or overnight mail for reviev, in order to minimize the amount of qualified cata.

vith mandatory PC requirements for waters of uniform matrix.___________________

IDLs are to be provided for each GFAA instrument (per SOV 3/90 protocols) and ar» -.0

be less than 0.5 ug/L for cadmium and less than or equal to 2 ug/L for lead. All -?lues

greater than or equal to IDL are to be reported.



Audits Required

_ field blanks
Note^ Field per-
sonnel vill
clearly identify
the field blanks.

5. Lab Duplicates

(CCNT.)

Frequency o£ Audits

1 in 10

Limits
(Percent or Concentration)
If > 2 ug/L ?b
or >0.5 ug/L Cd.
contact SHO iai-
mediately for
further______
instructions.

±10% or ±0.3 ug/L

II. QC REQUIREMENTS (CONT.)

Audits Required

6. Digested samples

Frequency of Audits

SOV 3/90 GFAA
protocols for both
Cd and Pb

Limits
(Percent or Concentration)

See SOW 3/90

Note: No prep blanks and matrix spikes are necessary for undigested samples.

. ACTION REQUIRED IF LIMITS ARE EXCEEDED

Please return this request to the Sample Management Office as soon as possible
to expedite processing of your request for Special Analytical Services. Should
you have any questions or need any assistance, please call the Sample Management
Office.

7360:1
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Isti.naied date(s) of collection: September & - October £, 1991 ______________

3. Esti~a:e cate(s) and method of shipment: ASA? after lab selection: Federal Exsrass ____

5. Number of days analysis and data required after laboratory receipt of samples:

21 days after receipt of last sample in each SDG of 20 samples (21 days is negotiable :':r

a SDG vithin the context of the entire project). _________ _________________ * ___

7. Analytical protocol required (attach copy if other than a protocol currently
used in this program):

Host samples are expected to be uniform soils of lov moisture content after ceiapositi.-.g

A ten gram sample aliquot vlll be selected for 7. solids test (103-105* C) and residue vlll

be used for sample analysis. Residut vill be broken up into free-floving powder so chat

representative Ig sample aliquots can b« selected, and the unused portion must be archjvec

Any heterogeneous soil samples vill be homogenized prior to analysis, using an air-driad

aliquot, and a SPEX 8000 Mixer/Hill (or equivalent). Laboratory has discretion to homo-

genize all soils prior to analysis. Samples vill be digested using SOV 7/88 or ILM01.

ICP calibration standards and sample digests vill be matrix-matched (Ig. of soil vill be

digested for 200 mL of final solution) as to acid contents. If microvave digestion of

ILH01 SOV is used-, standards, QC solutions, and digests must be matrix matched as :o

nitric acid concentration. ______________ ____________________________

Sample digests vill b« ttsted for Cd and Pb using ICP emission spectroscopy of £:«' 7/9

or ILH01, including solid Lab Control Standard, vith extra QC criteria listed belo-. All

elements necessary for interelemental corrections and dissolved solids interferences vill

be measured and reported in rav data. Only Cd and Pb vill be reported on Form I i~- eaer

soil, sasole. • _______
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I. Project Description

Granite city," Illinois is the location of a former secondary lead
smelting facility. Metal refining, fabricating, and associated
metal processing activities have been conducted at the site since
1903. From 1903 to 1983, secondary smelting occurred on-site.
Secondary smelting facilities included a blast furnace, a rotary
furnace, several lead melting kettles, a battery breaking
operation, a natural gas-fired boiler, several baghouses, cyclones.
and an afterburner. Most (85 percent) of the air samples taken
from Granite City between 1978. and 1981, as part of lEPAs newly
instituted air quality testing for lead, showed lead levels higher
than levels the federal government considers safe. Metallic
pollutants, which have been dispersed throughout the environment in
Granite City and the surrounding areas, have heavily contaminated
soil in the study area. It is likely that uptake of metallic
pollutants by plants and animals, including humans, has occurred.
The Agency for Toxic Substances and Disease Registry (ATSDR) has
provided funding to the State of Illinois to conduct a
comprehensive blood lead/urinary cadmium study on a representative
number and distribution of eligible residents nearby the site. The
study will include the collection of samples from potential study
will include the collection of samples from potential environmental
sources of lead and cadmium: soil, house dust, drinking water and
indoor paint, from all participant households.

The objectives of the overall study are defined in the ATSDR study
protocol (Draft; Summer, 1991; pages 8 and 9). Of the seven
objectives listed, the objectives to which EPA participation will
contribute are:

"To determine the level of environmental lead and cadmiur.
contamination found in target areas and compare them with
levels of contamination found in comparable non-target areas."

"To determine the extent to which environmental, behavioral.
occupational, and socio-economic factors influence exposure t:
lead and cadmium in target and non-target populations."

".To—determine the extent ..to which exposur-e-has occurred i-
populations living in areas with both mining and industrial
emissions compared to populations living in areas with
industrial emission only."

In order to contribute to meeting these goals, EPA will collect
environmental samples at the residences of selected study
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contractor, ijn accepting the assignment to support this Study,
agrees to perform sampling activities as outlined in this Plan and
in conformance with applicable Region V CLP protocol the attached
Region VII Standard Operating Procedures (SOPs) , and other guidance
which may be provided by EPA for performance of Study-related
activities.

D. Sample receipt, storage, handling, and custody within the.
laboratory will be the responsibility of the selected CLP
laboratory.

E The selected CLP laboratory will receive and analyze the
environmental samples and report analytical results to Region V
representatives, following procedures outlined in this Plan and
applicable Region VII SOPs referenced below.

F. Final data review and validation will be the responsibility of
E&E, after normal review of the data during and after analysis by
the analyst, supervisor, and data review or QA/QC personnel at the
CLP lab.

G. ' Transnittal of reviewed and validated data on disk to U.S. EPA
Region V will be the responsibility of E&E.

H. Transmittal of final data in a brief report to U.S. EPA Region
V will be the responsibility of E&E.

I. Brad Bradley will be responsible for the dissemination of
applicable environmental data to the appropriate entities in the
State of Illinois, for responding to questions from the State, and
for addressing public questions relating to the study from the
Federal perspective.

J. ATSOR will assume final Federal responsibility for the Study
data because of the greater protection of individual privacy
afforded ATSDR' data bases; EPA final data is subject to FOIA
request actions. ATSOR will perform statistical review of the
environmental data vis-a-vis human exposure data. All study data
shall be made-available to EPA upon—request, for purposes such as
evaluating the Pb uptake/biokinetic model.

K. Program and field sampling QA/QC oversight will be the
responsibility of E&E.
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These detection limits will permit evaluation of field sample data
against the following limits, so as to determine whether the
samples are above background levels with a 95* confidence level.

Action Level
sample Medium Lead Cadmium

House Dust 500 ug/g 136 ug/g
Paint 0.7 mg/sq.cm. N/A
Drinking Water 15 ug/L 5 ug/L '
Play Area Soil 500 ug/g 136 ug/g

Note the detection limits of one-tenth the action levels noted may
not be achieved if tne minimum sample amounts discussed in Section
IV, Sampling Protocols, are not collected. Also,., available
analytical methods may not permit analysis of Cd in water at
concentration as low as 0.5 uq/L. A detection limit of 2.0 ug/L
will be acceptable for lead in water. —-———~—— ——
IV. Sampling Protocols

A. ' Environmental Sampling Design considerations

l. Selection of Residences to be Sampled:

a. In order to meet the Study goals outlined above, EPA
Region V will collect environmental samples: soil, house
dust, drinking water and paint, from all households in
the Study area at which biological sampling is scheduled.
In order to identify high biomedical metal levels, an
action level of 10 uc//dL of Pb in blood and/or 8 ug/L Cd
in urine will be used.

b. Environmental sampling will be conducted at all
households where biomedical testing occurred. The names,
address, and telephone numbers of residences to be
sampled shall be forwarded to EPA by IDPH as soon as
practicable. EPA plans to perform environmental sampling

....__.in on sampling - event which is scheduled to begin the-
first week of September, and will last approximately four
weeks.
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2. Sample Containers: Sample containers and associated supplies
will be'obtained by E&E and prepared and utilized per SOP
2130.4A, with the exception that one liter poly bottles will
be used for the collection of water samples. In the event
sample container and preservation information in this QAPJP
contradicts ary information \n the attached SOP, this document
shall have precedence.

3. Sample Collection Procedures:

Note: See the attached Appendix A, which shall supercede the
language below in the event of any inconsistencies.

a. Drinking Water samples will be collected in accordance with
SOP 2334.10A, with the following exception: all samples of
drinking water will be first-draw samples, as specified in the
EPA's Final Rule for Lead and Copper in Drinking Water,
Federal Register, J\ine 7, 1991. These samples may be
collected by the residents in sample containers with
appropriate preservatives, supplied by LkL in advance, and
pjekea UP at EM tilM of the dust, soil and__ ______________ and paint sampling.

:ernativeiy, E&E nay chose to send a sampler first
the morning to all residences to be environmentally sampled
that day to draw the samples, after pre-arranging with the
residents so that the water is not turned on prior to
sampling. Either method is acceptable, but the method chosen
must be applied consistently to all residences sampled during
the project, and the choice of method must be documented in
writing by E&E in the final project report.

One field blank (deionized water) will be submitted blind for
laboratory analysis at a frequency of one in each set of
twenty field samples.
Indoor House Dust: field sampling personnel will collect
residential g"«t •MfflM ̂ T™ pft««rv play areas (areas most
likely to impact on a child's hands or result in ingestion
during indoor activity). A minimum of t,hr** «*•••• should be
sampled:—-*te-the main entrances* to the household?— and two
additional areas 48it likely to be use by children in the
household for play areas. Additional areas for sampling may
include secondary entrances to the home (Dec* or side doors) ,
dust on window sillŝ  furniture, and carpet in additional play
areas or aril! 01 frequent activity by the children. Bedroom,
Kitchen, and living room floor samples will be collected
first, followed by floor samples from the entry way. Finally,
samples from window wells will be collected.
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A representative number of such location(s), comprising not
less than ten aliquots, will be proportionally sampled based
on their relative areas and apparent degree of use; these are
then composited to produce the one sample forwarded to the lab
representing the entire play area. Exact locations to be
sampled at a jiven residence will be chosen per the
professional judgement of the sampling team leader, and will
be fully documented on the field sheets. A, corer shall be.
used to sample the top one inch of soil. Debris and leafy*
vegetation will be removed from the top of the core, but not
soil or decomposed matter; this part of the soil sample is
likely to be the highest in metal contamination. Samples 'will
not be taken from locations within one foot ofthe ndu5e~
foundation SeT st6ry of the residence unless there is cTeaF"
indication such, areas are in use as play areas, as chipped or
peeling exterior paint may produce' a typically high readings
in such locations.

4. Field Sample Documentation:

a. Field Sheets: Field sheets per SOP 2130.3A shall be used
to document locations and times of sampling, as well as
all other appropriate details. In particular, sketches
should be made of the locations sampled, especially dust
and soil samples taken in the play areas, as noted above.
E6E shall retain field sheets until instructed otherwise
by EPA.

b. Sample Chain of Custody: Sample chain-of-custody forms
will be prepared per SOP 2130.2A.

D. Sample Delivery

All samples to be analyzed under this play will be delivered to the
CLP Laboratory in accordance with applicable SOP, including so?
SG04.0A and 2130.3A. Each set of samples will be delivered along
with appropriate field documentation, Chain-of-Custody forms, and
"Analytical Services Request Form(s)N.

V. Sample Receipt and Custody

A. Immediately upon receipt of Study samples the CLP personnel
will unpack and inspect the shipment, sign the Chain or"
Custody form, initiate appropriate internal tracking records,
and store the samples in a secure area. If inspection of the
shipment causes wither the integrity or condition of the
samples to be questioned (e.g. samples not cooled, broken
containers, etc.), such observations will be noted on the
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for transmittal to ATSDR. A draft report sumaarizing the
environmental^ data collected and an evaluation of the quality of
such data sriall be supplied to EPA within 150 days of the
completion field sampling operations, for transmittal to the
individual(s) noted in Section II above. The report will include
statements that samples do or do not meet applicable criteria as
spelled out in this document and applicable SOPs. Following
receipt of U.S. EPA and ATSDR comments on the draft report, a final
report shall be submitted to Brad Bradley within 30 days.

IX. Quality Control fOCl Checks

A. The laboratory QC procedures which are incorporated into
specific methodologies referenced in Section VI and in SOP
1610.IB will be followed, to include:

1. Method Blanks, at least once per sample preparation batch
or one per day .(which ever is more frequent), for each
medium.

2. Laboratory Duplicates, on 5% of the field samples
analyzed or one per sample batch (which ever is more
frequent) for each medium.

3. Duplicate Matrix Spikes, on 5% of the field samples
analyzed or on* set per sample batch (which ever is more
frequent). This data will be used to estimate both the
precision and accuracy of the' reported data.

B. Field QC will include 10% duplicates, field blanks (at least
one per day) and Performance Evaluation samples or duplicate
field spike soils samples, as discussed in SOP 2110.2A.

X. Performance and System Audits

Neither field audits nor laboratory audits beyond the routine QA/QC
oversight of the appropriate supervisors is anticipated for this
project, unless specifically determined to be necessary.
XI. Preventive^Mlntenanee fPM)'~"——~ ————"

Preventive maintenance will be performed in accordance wit:-.
manufacturer's specifications and applicable regional policies and
SOP•s.



METHOD 2050

ACID DIGESTION OF SEDIMENTS. S'JJDGES, AND SOILS

1.0 SCOPE AND APPLICATION

1.1 Tills method Is an acid digestion procedure used to prepare sedi-
ments, sludges, and soil' samples for analysis by flame or furnace atomic
absorption spectroscopy (FLAA and GFAA, respectively) or by Inductively
coupled argon plasma spectroscopy (ICP). Samples prepared by this method may
be analyzed by ICP for all'the listed metals, or by FLAA or GFAA as Indicated
below (see also Paragraph 2.1):

A1um1num
Barium
Beryllium
Cadmium
Calcium
Chromlurn
Cobalt
Copper
Iron
Lead

FLAA

Magnesium
Manganese
Molybdenum
Nickel
Potassium
Sodium
Thallium
Vanadium
Zinc

GFAA

Arsenic
Beryllium
Cadmlurn
Chromlurn
Cobalt .
Iron
Molybdenum
Selenium
Thallium
Vanadium

2.0 SUMMARY OF METHOD

2.1 A representative ftto&g (wet weight) sample Is digested 1n nitric
acid and.hydrogen peroxide. The dlgestate Is then refluxed with either nitric
acid or hydrochloric add. Dilute hydrochloric add Is used as the final
reflux add for (1) the ICP analysis of As and Se, and (2) the flame AA or ICP
analysis of A1, Ba, Be, Ca, Cdf Cr, Co, Cuf Fe, Mo, Pb, N1, K, Na, Tl, V, andIn. Dilute nitric acid 1s employed as the final dilution acid for the furnace
AA analysis of As, Be, Cd, Cr, Co, Pb, Mo, Se, Tl, and V. A separate sample
shall be dried for a total solids determination.

3.0 INTERFERENCES

3.1 Sludge samples can contain diverse matrix types, each of which may
present its own analytical challenge. Spiked samples and any relevant
standard reference material should be processed to aid 1n determining whether
Method 3050 is applicable to a given waste.
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-.0 APPARATUS A.ND MATERIALS

4.1 Conical F h l l l i D s beakers: 250-niL.
4.2 Watcn glasses.
4.3 Drying ovens: That can be maintained at 30'C. \^/
4.4- Thermometer: That covers range of 0 to 200*C.

• 4.5 Whatman No. 41 filter paper (or equivalent).
4.6 Centrifuge and centrifuge tubes.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM 01193): Water should be monitored for
impurities. =

*

5.2. Concentrated nitric add, reagent grade (HN03): Add should be
analyzed to determine level of Impurities. If method blank 1s <MOL, the "acid
can be used.

5.3 Concentrated hydrochloric acid, reagent grade (HC1): Acid should be
analyzed to determine level of Impurities. If method-blank 1s <MDL, the acid
can be used.

5.4 Hydrogen peroxide (30%) (H2Qz) '• Oxldant should be analyzed to
determine level of impurities.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that v ,
addresses the considerations discussed In Chapter Nine of this manual. JT

6.2 All sample containers must be prewashed with detergents, acids, and *
Type II water. Plastic and glass containers are both suitable. See Chapter
Three, Section 3.1.3, for further Information.

6.3 Nonaqeuous samples shall be refrigerated upon receipt and analyzed
as soon as possible.

7.0 PROCEDURE . •

7.1 Mix the sample thoroughly to achieve homogeneity. For each
digestion procedure, weigh to the nearest '0.01 g and transfer to a conical
beaker a o.xs*- Q'.fog portion of sample.

7.2 Add 2. mL of 1:1 HNOi, mix the slurry, and cover with a watch glass.
Heat the sample to 95'C and reflux for 10 to 15 m1n without boiling. Allow
the sample to cool, add / mL of concentrated HN03, replace the watch glass,
and reflux for 30 m1n. Repeat this last step to ensure complete oxidation.
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SRM * rSTHOD 206Pb/204Pb 207Pb/204Pb 20SPa/2Q4Pb Pb(oom)

277 HF/HNCJ3
EPA3050

1633A HF/HN03
EPA3050

1646

2704

HF/HN03
EPA3050

HF/HN03
EPA3030

18.992
18.876

18.8S1
18.633

18.767
13.363

18.631
18.311

15.596
15.670

15.634
15.445

15.551
15.533

15.553
15.641

EXPLANATION

38.590
38.637

38.675
38.413

38.350
33.043

33.215
38.276

607.3
557.7/9188

72.59
19.20/274.9

27.76
32.33/162.4

159.2
133.0/712.7

METHOD: HF/HN03 Sample attacked by a 4:1 48X HF-8N HN03 mixture;
all samples were entirely digested with the excep-
tion of NIST SRM * 277.

EPA3050 Sample attacked by EPA Method 3050 which is basic-
ally an acid (HN03/HC1) * H202 procedure; the spe-
cific method is attached.

Sample weights ranged from 240 to 260 mg with the exception
of NIST SRM 1646 where 120 to 130 mg were used (circa 507.'
of the certification weight).

Pb ISOTOPIC RATIOS:

Pb CONCENTRATIONS:

MAJOR CONCLUSION)

Ratios are precise to + 0.107. at the 99% confi-
dence level (2 sigma standard error of the
mean) and are accurate to better than O.10%
based upon their normalization to NBS SRM 981.

• Concentration errors are better than 2%. The
two values reported for the EPA 3050 method
are calculated from (1) the total weight of sam-
ple subjected to attack (i.e. 120 - 26O mg;
first value) and (2) the total weight of sample
actually digested by the EPA 3050 method of
•xtraction (typically 5 - 20%). Note that the
EPA 309O method utilizes the total weight of
sample subjected to attack.

The HF/HNO3 method yields results within the cer-
tified Pb concentration error limits while EPA
3090 does not. In one instance (NIST SRM 1646),
EPA 3090 yields approximately 20% more Pb than
the certified value. The distinct differences
between the Pb isotopic ratios obtained from th
same sample using the two methods indicates that
very different Pb reservoirs are being extracted
by the two methods.



*

7.7.1 T!ic concentrations determined arc ,c be resorted on the basis
of t!;e actual weight of the sample. If a cry weight analysis is cesirec
then the percent sol Ids of the sample must also be provided.

7.7.2 If percent sol Ids is desired, a separate determination of
•percent solids must be performed on a homogeneous aliquot of the sample.

8.0 QUALITY CONTROL

8.1 For each group of samples processed, preparation blanks (Type II
water and reagents) should be carried throughout the entire sample preparation
and- analytical process. These blanks will be useful in determining 1f samples
are being contaminated.

8.2 Duplicate samples should be processed on a routine basis. Duplicate
samples will be used to determine precision. The sample load will .dictate the
frequency, but ZOX 1s recommended.

8.3 Spiked samples or standard reference materials must be employed to
determine accuracy. A spiked sample should be Included with each group of
samples processed and whenever a new sample matrix 1s being analyzed.

.8.4 The concentration of all calibration standards should be verified
against a quality control check sample obtained from an outside source.

j.O METHOD PERFORMANCE

9.1 No data provided.
,''

P| •

10.0 REFERENCES ' . '

10.1 None required.
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Us ing a ribbed watch glass, allow the solution to evaporate to / ~L
boiling, w h i l e maintaining a covering of solution over the b
leaker.

7.3 After Step 7.2 has been completed and the sample has cooled, add /
mL of Type II water and / ml of 305 ^2- 'Cover the beaker with a watch glass
and return the covered beaker to the hot plate for warml-ng and to start the
peroxide reaction. Care must be taken to ensure that losses do not occur due
to excessively vigorous effervescence. Heat until effervescence subsides and
cool the beaker.

7.4 Continue to add 30X HgOg 1n 1-mL aHquots with warming until the
effervescence Is minimal or until the general sample appearance 1s unchanged.

NOTE: Do not add more than a total of 3 mL 30X
7.5 If the sample 1s being prepared for (a) the ICP analysis of As and

Se, or (b) the flame AA or ICP analysis of Al, Ba, Be, Ca, Cd, Crr Co, Cu; Fer
Pb, Mg, Mn, Ho, N1, K, Na, Tl, V, and Zn, then add / ml of concentrated HC1'
and 3 mL of Type II water, return the covered beaker to the hot plate, and
reflux for an additional 15 m1n without boiling.

; Partlculates 1n the dlgestate that may clog the
nebulizer should be removed by filtration, by centrlfugatlon, or by allowing
the sample to settle. ev<f>oc~h*. -ha. <Lry~.*ss , c-sv^r, s4* <"•«-.



conditioning, the average number of cigare-tes smoked per day was

35.4 (p<0.01). There was an average of 2.4 smokers, smoking a

mean of 33 cigarettes per day, in households with children whose

blood lead levels were above 0.48 /imol/L (10 /zg/dl) , and an

average of only 1.6 smokers per household smoking a mean of 18

cigarettes per day with children whose blood lead levels were

below 0.48 jimol/L (10 /ig/dl). This difference was statistically

significant (p<0.01).

For the children under six neither the original time

variables nor the transformed variables of the amount of time^

spent at home predicted blood lead. The time spent sleeping, {(
j

playing outside and playing on the floor were of some predictive

value and were used in the regression analyses. '

Clinical laboratory results
J

The blood and urine specimens were collected between August

23, 1991 and September 20, 1991. Results of blood lead analyses

are given in Tables 4-6. The arithmetic mean blood lead levels

for each age group were below 0.48 pmol/L (10 jig/dl), the present

level of concern of the COC (COG 1991). Blood lead was measured

in 490 children, 261 males and 229 females between 6 and 71

months of age. Figure 2 shows the distribution of the blood lead

levels by year of age in the children under 6. As shown in

Figures 2a, 2b, and 2c, the blood lead levels peaked in the

children around age 2 and then gradually declined again in older

children to values observed around age 1.
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3locd lead levels were also deterr.ir.ed in 214 ysurhs (a-es

6-15 years), 111 males and 103 females, and in 47 males and 75

. females over the age of 15. Thus, 827 blood lead determinations

were made in all. The arithmetic mean blood lead levels for the

youngest age group (between 6 and 71 months of age) was 0.33

jmol/L (6.9 /tg/dl) with a range of 0.03-1.94 /tmol/L (0.7-40.2

/tg/dl) . In this group, 78 children (16%) had elevated blood lead

levels of 0.48 /tmol/L (10 /tg/dl) or above. For the children,

between the ages of 6 and 15 years, the arithmetic mean blood

lead level was 0.21 /tmol/L (4.4 /tg/dl) , the range <0.03-0.90

/tmol/L (<0.6-18.8 /tg/dl). In this group, 8 individuals had blood

lead levels of 0.48 /tmol/L (10 /*g/dl) or above.

Among a total of 101 non-white children under the age of 6

87% were of African-American descent. Of these children, 16% had

elevated blood lead levels. The arithmetic mean blood lead

levels of all white children under 6 years of age was 0.32 /tmol/L

(6.8 /tg/dl) and for the children of African-American descent, the

arithmetic mean was 0.35 /tmol/L (7.4 /tg/dl). Thus, the blood

lead levels of children of African-American descent were quite

similar to those of the white children (t - - 1.1, NS) and 19%

had blood lead levels of 0.48 /tmol/L (10 /tg/dl) or above. These

two groups of children were, therefore, combined in the analysis.

Among the children 6 years and older, 17 boys and 16 girls

of African-American descent participated in the study. Their

arithmetic mean blood lead levels were 0.20 /tmol/L (4.2 /tg/dl)

and 0.23 /tmol/L (4.7 /tg/dl), respectively. None of these
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children had blood lead levels of 0.43 u.-ol/L (10 ug/dl) cr

above.

The arithmetic mean blood lead levels of participants

greater than 15 years of age was 0.17 ^mol/L (3.6 ^g/dl) with a

range of <0.03-0.86 /*mol/L (<0.6-17.9 jig/dl) . The blood lead

levels above 0.48 jmol/L (10 pg/dl) in 3 male participants had

resulted from occupational exposure or hobbies. The total number

of .43 white adult males had an arithmetic mean blood lead level

of 0.28 pmol/L (5.8 fig/dl) and included the 3 males with elevated

blood lead levels. Elevated blood lead levels did not contribute

to the arithmetic mean blood lead level of 69 adult white

females. Their arithmetic mean blood lead level was 0.12 jtmol/L

(2.4 /tg/dl). Among the adult females, 14 were pregnant at the

time the blood specimen was drawn. Their blood lead levels

ranged from <0.03 ̂ mol/L-0.16 paol/L (<0.6-3.4 pg/dl) with an

average of 0.08 pmol/L (1.6 pg/dl). Three adult males and 7

adult females of African-American descent' also participated in

the study with arithmetic mean blood lead levels of 0.18 jimol/L

(3.8 M9/dl) and 0.17 jtmol/L (3.5 pg/dl).

In the youngest age group, 78/490 (16%) had blood lead

levels above 0.48 pmol/L (10 /xg/dl); however, 46 of these (9% of

the 490) had blood lead levels between 0.48-0.72 pmol/L (10-15

Aig/dl) and only 5 (1% of the 490) were above the pre-1991 level

of concern of 1.21 pmol/L (25 ;tg/dl) of the CDC (Table 5). A

total of 61 children with blood lead levels above 0.48 M^ol/L (10

and some of their siblings donated a second blood specimen
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about 4 r.onths later in January 1392/following extensive

counseling of the parents and children. Table 6 shows that the
f / ) ̂

repeat blood lead levels oz mostJchildren were below 0.43 jt:aol/L

(10 M9/dl) and-had dropped to about half or more of their

original value. The highest blood lead level was 0.61 /imol/L

(12.7 jtg/dl) . A subset of 30 children of this group was retested

about a year after the first testing. At the second testing, a

mean blood lead level of 0.39 jimol/L (3 pg/dl) was found in this

group. The mean blood lead level at the third testing was 0.43

pmol/L (9 jtg/dl) suggesting that the initial drop of the blood

lead levels was persistent and not due to seasonal influences or

other differences. The data on CBCs of the children under 6

years of age are given in Tables 7 and 8. No difference in the

CBC is seen between the children with blood lead levels above and

below 0.48 fanol/L (10 nq/dl).

Among the youths 6 to 15 years of age 8 white males had
elevated blood lead levels. Four youths had blood lead levels of

0.48 /xmol/L (10 pg/dl) and the other four had blood lead levels

of 0.6, 0.6, 0.7, 0.9 /taol/L (12.6, 12.7, 13.8 and 18.8 pg/dl) .

All but one of the families had at least one smoker in the

household. In three instances, work had recently been done on

the house. In three of the other households, the father worked

at home on auto bodies, was engaged in wire cutting and scrap

metal recovery, cleaned and repaired firearms, or was also

engaged in soldering and auto radiator repair. Thus, in six
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instances, repair work on the house or work with petals at -he

home may have contributed to exposure.

Urine cadmium analyses

Results of the urine analysis for cadmium showed that in

many specimens cadmium was below the limit of detection of <o.l

Atg/L. Only 3 urine specimens contained around 2 nq/L of cadmium.

When additional urine specimensLW_gra...collected from 3 .̂ -̂̂

participants whose initial urine contained cadmium at; f^p^ =
" -C^

concentrations of 5 ng/L or above, the results of the reanalysis

were below the limit of detection of the method of 0.1 pig/L

indicating contamination of the initial sample.
Clinical chemistry teats

Urina specimens were tested for albumin, glucose, occult
blood, specific gravity and they were examined microscopically.
Seven definitely abnormal urines were noted in on* adult female
and in six children. The children were all females and their
ages ranged from on* to five. These urines were cloudy in
appearance had whit* and/or red blood cells.and bacteria. These

t»*fo ̂
findings appeared to be incidental and consistent with bladder

/ •
infections._

Clinical chemistry tests were also performed on the blood
specimens (Tables 7 and 8). The electrolytes potassium, sodium,
and chlorides, the liver function tests aspartate

aminotransferasa (AST), alanine aminotransferase (ALT), 7-

glutamyltranspeptidas* (G6T), and total protein, albumin, blood
urea nitrogen, and creatinine were measured. Th« electrolytes of
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all participants were within the r.orr.al range. One child wirh a

blood lead level of 0.42 /ijnol/L (3.9 pg/dl) had a definitely

elevated blood urea nitrogen of 50 mg/dl, while 2 additional

children had levels just outside the reference range of 6-26

mg/dl given by the clinical laboratory. The child with the

elevated blood urea nitrogen also had elevated liver function

tests with an AST of 171 IU/L, a GGT of 103 IU/L and an ALT of 68

IU/L. Two other children under 6 had an elevated AST of 437 and

83 IU/L. One child had an elevated GGT of 83 IU/L and l other

child had an elevated ALT of 472 IU/L. One youth had a slightly

elevated ALT of 63 IU/L. Among the adults four females had one

or more slightly elevated liver function tests. The highest GGT

was 75 IU/L and the highest ALT was 61 IU/L. The AST was not

elevated in any of the adult female participants. Abnormal liver

function tests were also present in six adult male participants.

The highest GGT as 195 IU/L and the highest ALT 83 IU/L. The AST

was not elevated in any of the adult male participants.
Immunoglobulins were also measured in the participants.

Immunoglobulin A and 6 were within the normal range in the study

population (Wallach 1992). Immunoglobulin M was elevated in 36

or 4.4% of the participants. Three of these participants had

abnormal liver function tests as well. Most likely the elevated

immunoglobulin M in participants with normal liver function tests

was the result of a chronic infection. Since no clinical

information was collected in this study no definite

interpretation of these results can be made.
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Er.virsr.r.er.ral data

A total of 34% of all participants did not know the age of

.the house in which they were living. Among the 412 children

under 6 with bipod lead levels of less than 0.48 /xmol/L (10

/xg/dl) data on the age of the houses was available for 278. Of

those children, 196 or 70% lived in houses that were built before

1950. Of the 78 children with blood lead levels of 0.48 jimol/L

(10 pig/dl) or above data on the age of the houses was available

for 43. Of those children, 35 or 81% lived in houses built
before 1950. Of the children with elevated blood lead levels who

lived in houses built after 1950, one child lived in a mobile

home and the father was involved in lead related activities. The

other houses were built between 1950 and 1970 and remodeling

activity or refinishing of furniture had taken place between 1990

and 1991.

Lead levels measured in paint and in soil of the houses are

given in Tables 9a and 9b. Houses in which children with

elevated blood lead levels lived were not clustered. However,

these children were more likely to live closer to the smelter

(Figure 1). Of the children under 6 with blood lead levels below

10 M9/<U» (0.48 pmol/L), 16% percent lived in sampling area 1, 43%
in sampling area 2, 24% in sampling area 3 and 16% in sampling
area 4. Aaong the children whose blood lead levels were above

/xg/dl, 27% lived in sampling area 1, 53% lived in sampling area

2, 12% lived in sampling area 3 and 8% lived in sampling ar*a/;

Many of the children lived in houses with high paint lead



cor.centraticr.s in cne or more of the areas measured (Table Sa) .

Either recent renovation or poorly maintained houses seened to

contribute to the exposure of the children. When the houses were

in good condition, increased lead exposure was not as much of a

problem.

Overall, about 50% of the families, had done some repair

work or renovations on their houses in 1990 or 1991. For

families with children under 6 whose blood lead levels were below

0.48 /xmol/L (10 /xg/dl) , 48% had done some work on their house in

the last year and 32% did not. In contrast, 63% of the families

whose children had blood lead levels above 0.48 /tmol/L (10 pig/dl)

did some refurbishing in the last year while 38% did not. The

difference was statistically significant (p<0.02).

In many yards, the lead concentrations in soil were above

background levels which locally ranges from below the limit of

detection of 1 ppm (mg/kg) to 200 ppm (mg/kg). The mean soil

lead level for the 376 analyzed soil samples was 450 ppm (mg/kg)

with a range of 37 ppm (mg/kg) to 3010 ppm (mg/kg) (Table 9b). A

total of 39 split samples were also analyzed. The concentration

of lead in these soil samples ranged from 106 to 1610 ppm

(mg/kg). The average difference between the primary and the

duplicate sample was 89 ppm (mg/kg).

It is evident from Tables 9a and 9b that there are some very

high environmental lead values. For example, the minimum dust

lead values is 5.2 mg/kg (ppm), the maximum value is 71/000 mg/kg

(ppm), and the standard deviation is nearly four times as great
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as the nean. Most of the ether data were also not normally

distributed. Log-transformed data was, therefore, used for r.ost

of the statistical analyses.

A total of. 376 composite soil samples were also analyzed for

cadmium. The arithmetic mean cadmium concentration in soil was

3.1 ppm (rag/kg) with a standard deviation of 1.37. Cadmium was

not detected in 8 soil samples at a limit of detection of 3 ppm

(3 mg/kg) and all but 7 soil samples were below 6 ppm (mg/kg).

The concentrations of cadmium in soil generally ranges from 0.3-

11 ppm (mg/kg) (Page and Bingham, 1973; Lund et al., 1981).

Thus, cadmium concentrations are within the background range of

concentrations found by others.

Lead in drinking water was below the limit of detection of

the analytical method of 2 /tg/L (ppb) in 62% of the samples of

374 households. A total of 86% of the samples had levels of 5

/tg/L (ppb) or less and 97% were below is n<j/L (ppb), the present
USEPA action level. In 13 instances, levels of lead in drinking

water were higher with a range of 15.4-95.5 pg/L (ppb). The

study participants using this water did not have elevated blood

lead levels. The correlation between the log water measure and

log blood lead was very low (r » 0.07, M.S.). /

The concentrations of cadmium in 374 drinking water samples

were below the limit of detection of 0.1 pg/L (ppb) in 322
samples and the maximum concentration detected was 9.9 pg/L

(ppb). Only 11 samples were above 2 pg/L (ppb). In a survey of

969 community water supply systems in the United States the
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average cadmium concentration was 1.3 ug/L (cpb) ;craun ar.d

McCabe, 1975) and did not differ from our findings.

Furthermore, all of the measurable concentrations were in

compliance with the federal drinking water standard of 10

(ppb) for cadmium.

Levels of lead in dust ar« also listed in Table 9b. They

varied widely, both on a weight basis in ppm (mg/Jcg) (the

concentration of lead in dust) and on the amount of lead present

on a given surface area, the loading of dust with lead in Mg/m2.

Among all environmental samples, "dust load" (the amount of lead

in dust based on surface area) was the best predictor for blood

lead levels of small children. Blood lead levels of children

under six were also highly correlated with the "dust load,1* the

concentration of lead in duat/m2 of area vacuumed. The log "dust

load" was the highest Pearson correlation of any variable with
blood lead levels (r - 0.42, p<0.0001).

Bivariate analyses

Although bivariate analyses ignore the effects of possible

confounding or effect modification from the influence of other

variables, they provide a simple first screening of the available

data and may even lead to the identification of potential

confounders or effect modifiers.
Soil lead, comparing levels of > 500 ppm fma/kcM to lower levels

A total of 143 children under 6 lived in houses with a

composite soil sample of greater or equal to (£) 500 ppm (mg/kg)
lead and 347 children under 6 lived in houses with soil lead
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levels of less than (<) SCO cpn (r.g/kg) . These comparisons

identified differences in blood lead levels, dust lead levels,

indoor and outdoor paint lead levels, the number of cigarettes

smoked per day. in the house, and the age of the houses. However,

the differences were very small for the blood lead levels even

though they were statistically significant. The geometric mean

blood lead level of children living in houses with soil lead

levels of 500 ppm (mg/kg) or above was 0.32 jmol/L (6.6 M<?/dl)

compared to 0.25 /mol/L (5.2 Mg/dl) for children living in houses

with soil lead levels below (>) 500 ppm (mg/kg) (p<0.0l). The

differences were larger for other measured parameters. The

geometric mean "dust load" in houses with soil lead levels of

>500 ppm (mg/kg) was 0.4 compared to 0.1 in houses with soil lead

levels below (<) 500 ppm (mg/kg) (p<0.01). The mean lead

concentration in dust on a weight basis rather than surface area

was 780 ppm (mg/kg) for houses with soil levels 2500 ppm (mg/kg)

compared to 309 ppm (mg/kg) for houses with soil lead levels

below (<) 500 ppm (mg/kg) (p<0.01). The geometric mean indoor

paint lead level in houses with soil lead levels £500 ppm (mg/kg)

was 1.4 mg/cm2 compared to 0.5 mg/cm2 for houses with soil lead

levels below (<). 500 ppm (mg/kg) (p<0.01). The geometric mean

outdoor paint lead level in houses with soil lead levels of 2500

ppm (mg/kg) was 8.6 mg/cm2 compared to 3.0 mg/cm2 in houses with

low soil lead (p<0.01). In houses with soil lead levels of >500

ppm (mg/kg), 25.5 cigarettes per day were smoked compared to 17.9

cigarettes per day in houses with soil lead levels of less than
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(<) 300 ??n (r.g/Xg) fp<0.01). Houses with soil lead levels zt

>500 ppn (ng/kg) were on the average built between 1920 - 1929,

.while houses with soil lead levels below (<) 500 ppm (mg/Jcg) were

usually built between 1940 - 1949.

Blood lead

Blood lead is correlated with numerous variables in this

data set. All of the following blood lead correlations are

statistically significant at p<0.0l: Lead in indoor paint, r -

0.16; composite soil lead, r « 0.25; dust lead level, r » 0.25;

"dust load/1 r » 0.42; distance from the defunct lead smelter, r

» -0.26; parents7 education, r - -0.29; parents' income, r » -

0.26; number of smokers in the household, r * 0.16; number of

cigarettes per day smoked, r » 0.23; number of hours play

outdoors, r * 0.23; and number of baths per week, r » 0.21.

In addition, the following categorical variables are

associated (p<0.01) with blood lead if children with high (>0.48

/imol/L (10 pg/dl)) and lov (<0.48 /*mol/L(<10 jig/dl)) blood lead

levels are compared: air conditioning present/absent; renting

versus owning their home; condition of the house; and refinishing
of home or furniture (p<0.02).

With so many correlates of blood lead, it is clearly not

possible to draw causal inferences without first considering how

all of these blood lead predictor variables may influence one

another, and confound their relationships with blood lead.



Soil lead

The most important confounder of the relationship between

soil lead and blood lead is the high degree of correlation

between composite soil lead and lead in indoor paint, r = 0.34.

Other correlates of composite soil lead are house "dust load," r

- 0.43; distance from the smelter, r « - 0.48; education, r » -

0.11; income, r » - 0.11 (p<0.02); cigarettes per day,- r « 0.17;

and year the house was built, r » - 0.45. All correlations are

statistically significant (p<0.01 unless otherwise noted).

Distance

In this population, distance from the defunct lead smelter

is a correlate of blood lead (r - - 0.26; p<0.01). It is

tempting to think of distance as a proxy for soil lead exposure

because distance is correlated with composite soil lead (r - -

0.48; p<0.01). However, the relationship of distance, composite

soil lead, and blood lead is confounded by other variables.

Distance is negatively correlated with the number of smokers (r »

-0.24; p<0.01) and the number of cigarettes per day smoked in the
house (r * -0.30; p<0.01). The year the subject's house was

built correlates with distance (r » 0.16; p<0.01). The older

houses are closer to the smelter. The parents' educational level

(r « 0.16; p<0.01) and income (r * 0.18; p<0.01) correlate with

distance. The condition of the houses improves with distance

from the smelter (Chi-square * 440.0, df - 6; p<0.01) and the use

of air conditioning increases (Chi-square - 10.8, df - 1;

p<0.01). As distance increases, dust lead decreases (r * -0.21;
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p<0.01.)/' and home ownership increases with distance (Chi-squar<=>

= 14.3, df = 3; p<o.01). All of these correlates of distance are

also associated with one another, and are among the better

predictors of blood lead in this study.

Building condition

Building condition is significantly associated with the

following variables (p<0.01, except as noted): Cigarettes smoked

per day; indoor paint lead; outdoor paint lead; soil lead; water

lead (p<0.08); dust lead; parents' education; parents' income;

hours of outdoor play; and number of baths per week (p<0.03).

Each variable increases steadily over the three levels of
building condition, with the exception of water lead.

Building condition is one of the better predictors of blood

lead in this population. The mean blood lead level of children

living in houses in good condition was 0.29 jimol/L (6 /jg/dl).

Children living in houses in fair condition had mean blood lead

levels of 0.4 pmol/L (8.2 ng/dl) and children living in houses in

poor condition had mean blood lead levels of 0.57 /imol/L (11.8

ĝ/dl). The condition of the house influences the house's "dust

load" (a measure that combines dust level and lead

concentration). The "dust load" is seven times higher in houses

in poor condition than in houses in good condition and about

three time higher in houses in fair condition. Building
condition is also relatively highly associated with every other

predictor of blood lead in this study, and is a confounder in the

relationship of composite soil lead and blood lead. Houses in
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good condition had a mean soil lead concentration of 237 ccm

(mg/kg). The mean soil lead concentration for houses in fair

condition was 361 ppm (mg/kg) and for houses in poor condition it

was 459 ppm (mg/kg). Building condition differs from other

potential confounders of the composite soil lead/blood lead

association in that the condition of the house is not likely to

be a pathway for soil lead exposure. It is one of the few

confounders of the soil lead, blood lead relationship that can be

controlled for statistically.

cigarettes per dav

In this data set smoking is associated with blood lead. The

number of smokers (r - 0.16; p<0.01), and the number of

cigarettes smoked per day (r - 0.23; p<0.01) both predict blood

lead to a degree. However, the number of cigarettes smoked per

day is also correlated with "dust load1* (r - 0.15; p<0.01); but

not with dust level (i.e. the weight of the dust sample divided

by the area vacuumed, r » 0.005; p » 0.92). The number of

cigarettes smoked per day is also correlated with composite soil

lead (r - 0.17; p<0.01), distance from the smelter, parents'

education (r * -0.34 p<0.01), income (r - -0.20; p<0.0l) and

outdoor paint lead (r » 0.11; p<0.02). Furthermore, smokers in

houses without air conditioning smoked 35.4 cigarettes per day,

while 17.5 cigarettes per smoker were smoked in houses with air

conditioning (t » - 3.8; p<0.0l). More cigarettes were smoked in

houses in poorer condition (F * 17.2, df * 2, p<0.01); and in

older houses (r » 0.16; p<0.01). It is impossible to determine
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in this study whether cigarette siacke -akes any independer.-

contribution to blood lead in passive snokers, or is simply a

proxy for other environmental, socioecononic, and behavioral

factors. Other authors have reported such a contribution

(Millers et al., 1989), although in a later paper they were

unable to confirm their findings (Willers et al. 1992).

Regression analysis

Because of the many variables in this study expressed as

continuous measures, regression analysis provides the best method

of analysis. Advantages of regression analysis are the

simultaneous analyses of many variables, and the ability to

observe the influence of each variable on the other variables.

When interrelationships among the variables are complex as in the

present study regression analysis may be the only way to express

the many relationships (Cohen and Cohen, 1975).

Step-wise regression

Once the list of potential predictor variables was narrowed,

the maximum R2 improvement method was used to select and
tof*

prioritize the most important predictors. The first variable was
\

dust lead (R2 - 0.17), accounting for about 17% of the total

blood lead variance.' Second was distance, raising R2 to 0.21.

Third was parents' education, raising R2 to 0.24; then distance,

education, refinishing activities, hours of outside play, and

subject's age all traded places in and out of the model for

several more steps bringing the R1 up to 0.32. Ethnicity and

lead in drinking water raised R2 to 0.35.
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It is noteworthy that neither ethnicity r.or lead ir. drir.:<ir.-

water are significantly associated with blood lead levels in

bivariate tests. The fact that they enter the regression ahead .

of more obvious measures indicates that these two variables may

be serving as proxies for other exposures, or that they do not

share with other variables any of the little variance in blood

lead that they account for individually.

As shown in Table 10, with tan variables in the regression

model, R2 reached 0.37. These variables represented parent

education, cigarettes smoked per day, rent/own home, refinishing

activities, ethnicity, "dust load," age, water lead, distance,

and hours of outdoor play.

While the above approach gives son* idea of the role of
different variables as predictors of blood lead, the value of the
approach is limited. Since this method capitalize* on chance,
the p-values associated with partial regression coefficients

cannot be interpreted. The hierarchical regression modeling that
follows focuses specifically on the contribution of paint and

soil lead to blood lead.
Hierarchical regression; the contribution of soil lead to blood

lead

The intercorrelation among independent variables in this
study, and their correlations with both soil lead and blood lead,
suggests that the association of soil lead with blood lead is
confounded to some extent by other factors in this study. In

order to assess the independent contribution of soil lead to
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deed lead, it would be desirable to ccr.trol statistically for

potential confounding through hierarchical regression. That is,

by first introducing the set of variables that could confound tr.e

relationship of soil lead and blood lead, and then introducing

the soil lead variable to evaluate the increment in blood lead

variance accounted for by soil lead. However, in order to avoid

over-adjusting (i.e. inappropriately removing variance in blood

lead that could be due to soil lead exposure), a very limited set

of potential confounders is used.

As shown in Table 11: Model l, measures of lead in \water,

house paint lead, recent household refinishing activities!and a
/

rating of the overall building condition (i.e. the general state &£r -^

of repair/disrepair of the residence) account for 11% of/ the

blood lead variance in this study (Adjusted R̂ O.ll). /These are

the only potential confounders of the soil lead/blood lead

relationship that were statistically controlled. When composite

soil lead measures are added, as shown in-Table 11 : Model 2, the

adjusted R2 increases only slightly to/Adl/R2 * 0.14. Thus, only
ff***i*£-_Mf~»3% of the variance in blood lead observed in this popû latrfon is

accounted for by soil lead.

The contribution of soil lead to dust lead

As shown in'Table 12: Model 1, the condition of the

building, indoor, and outdoor paint lead account for 26% of the

variance in dust lead. When composite soil data are added (Table

12: Model 2), Ra increases to 0.33, an increase of 7% in "dust
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load" variance. Thus, paint lead and building condition acccur.t
),v-<-̂  .-._//v<>i

or about four times as much variance ,in dust lead as soil lead.

Effect of including more than one child per family in analyses

Using all children, or only the child with the highest or

lowest blood lead level, in the various analyses did not seem to

affect the outcome (Table 13). Among families with only one

child under six and with more than one child under six the

conditions of the houses were quite similar as were the

concentrations of lead in soil, lead in paint and lead in dust.

The distances of the houses from the defunct smelter were similar

as well. The participants rather than the households were,

therefore, used in most statistical analyses.
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DISCUSSION

•this study was undertaken to determine whether children

particularly under the age of six, living in an environment with

lead levels in soil above background had elevated blood lead

levels. Our results show that in addition to lead in soil other

sources of lead also existed in the community, such as high

concentrations of lead in indoor and outdoor paint for many

houses.

It was not possible to find a separate comparison community

of similar socioeconomic configuration and housing stock but with

no history of high soil lead concentrations in the vicinity of

the study area. Therefore, we included areas adjacent to the

area without high concentrations of lead in soil as our control

population. Although this control population lived in houses of

similar age and with similar concentrations of lead in paint,

some other differences also existed.

As distance from the smelter increased, the conditions of
the houses improved, in that fewer houses had peeling paint and
most houses .were owned rather than rented. Furthermore, the

educational level of the parents increased, the number of smokers

and the amount of smoking decreased, the use of air conditioning

increased and other behavioral variables also changed with

distance. As we anticipated the concentration of lead in soil
also decreased with distance from the defunct smelter. The

cov*riance of risk factors with distance from the smelter makes
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it r.ore difficult to interpret and analyze cur study results.

Our study shows that lead exposure risk factors do not occur in

isolation. Most of the important lead exposure risk factors

occur in and around poorly maintained houses.
»

The participation rate in our study was not optimal.

However, as many people living close to the smelter as living

further away were included in the study. If anything, the

participation rate closer to the defunct smelter was better.

Thus, if high levels of lead in soil were a prominent factor of

exposure we would be more likely to detect a soil effect.

In this particular population, the primary exposure of

concern was the exposure to lead in young children. It has been

documented in many studies that children, because of their hand-
to-mouth activities, ingest lead primarily through dust, but they
may also ingest paint chips and soil that contain lead. In
addition, children will be exposed to lead through food and

water. How much environmental lead a child will receive from
these various sources depends on many behavioral variables and
also on the child's nutrition (ATSDR, 1988).

In this study we made a number of interesting findings. Our
most important finding was that most study participants had

comparatively low blood lead levels. This is consistent with

results obtained by others in recent surveys. Blood lead levels

in the population as a whole and in young children are now much
lower than they were in the past (Kimbrough, 1993). The decrease

in blood lead levels has resulted from the reduction of lead in
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gasoline ar.d the decreased use of leaded casoiir.e. Lead i- fz-~

particularly in infant food, has also been reduced (Bolger et

al., 1991). Lead levels in children in many communities are now

around 0.25 jmol/L (5 pq/dl) or less. In the present study, the

mean blood lead levels were consistent with these observations.

The follow-up studies suggested that seasonal variations in blood

lead levels did not occur. Seasonal variations in blood lead

levels of children observed in the past may have been related to

the variation in the amount of leaded gasoline use in different

parts of the year.

It is remarkable that in spite of elevated lead levels in

soil and in indoor and outdoor paint, many children had very low

blood lead levels. Even the group with elevated blood lead

levels had mean blood lead levels that 20 years ago were

representative of small children of the general population and

were mostly below the COC level of concern for elevated blood

lead levels of 1.21 Mmol/L (25 >ig/dl) in effect until recently.

In the NHANES II survey conducted between 1976-1980 the

arithmetic mean blood lead levels for young children were around

0.7-0.97 Mmol/L (15-20 M9/*l) (ATSDR 1988). Most of the elevated

blood lead levels found in the present study are lower than these

levels. Our findings suggest that once the major sources of high

levels of lead in air and lead in food have been removed, high

lead levels in soil and in paint may make less of a contribution

to overall lead exposure than previously assumed. However, this



is influenced cy individual factors of behavior such as i.-.crccsr

renovation of old houses, pica or poorly maintained houses.

As a predictor for blood lead level, education of the head

of household is more important than income. Both smoking and

remodeling or other repair work on the house were positively

correlated with blood lead levels as were lead levels in paint

and soil and the age of the house. The educational level and

income were inversely correlated with proximity to the defunct

smelter.

Blood lead measures in children were used as the dependent

variable in a series of regression analyses designed to interpret

the contributions made by selected independent variables. The

independent variables were grouped differently depending upon the

question under investigation. To the extent that these variables

predict blood lead and are also correlated with soil lead, they

may be confounders of the relationship of blood lead and soil

lead.

Some measures are clearly influenced by both soil lead and

paint lead. House dust lead is a mixture of soil lead and house

paint lead. The number of hours spent at home and the number of

hours spent outside, age and sex of the child, and most

behavioral variables may serve as predictors of exposure for

paint and soil lead. Using these variables to make statistical

adjustments is not likely to resolve problems of confounding, and

may introduce additional problems of over-adjustment.
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A number of variables predicted biocd lead levels in vcu-~

children. These included condition of the house, lead in cair.t,

lead in dust, lead in soil/smoking of the parents, proximity to

the defunct smelter, education and income of the parents, and

behavioral factors of the children such as hand-to-mouth

activities. Comparing these factors showed that they were all

correlated with each other. Only about 40% of the exposure could

be accounted for in our data analyses. Of these 40%, lead from

soil appears to make a very minor contribution, as an upper-bound

at most 3% while the condition of the house and the amount of

lead in paint may be responsible for as much as 11%.

Most of the important variables in this study such as
education and income of the parents, lead in paint, soil lead,

dust lead, behavior variables, smoking and air conditioning are

all highly correlated. Thus, correlations, t-tests and Chi-

square tests if taken out of context may be misleading.

Furthermore, confounding can not be adequately controlled for in

the present data set. Many important behavioral variables may
affect the degree of exposure to house dust that serves as the

primary pathway of exposure for soil lead and house paint lead in

small children. Very small but statistically significant

differences of a few percent of the variance contributing to

blood lead levels have no clinical significance. We attempted to

determine, by step-wise regression of 22 variables, what the

overall contribution of these variables to lead exposure was.

However, as some variables were added to the analyses other

49



variables dropped cut and variables chat r.ad previously drocced

out were in the regression again. This suggested that sor.e of

the variables were also proxies for other variables and that they

did not constitute meaningful contributions to the exposure of

small children.

Since most of the youth and adults had very low blood lead

levels, we concentrated our evaluation on the children under six

years of age. It is this age group that is the most vulnerable

to lead toxicity if high levels of lead are present in their home

environment. The few participants with elevated blood lead

levels in the older age group acquired their lead through

hobbies, occupations pursued by themselves or their fathers, or

repair of the house. No detailed statistical analyses were
conducted on this group since the number of affected individuals

was small and their elevated blood lead levels had individual

logical explanations.

An important and often ignored measure of prevention is

education about effective ways of reducing exposure and raising

awareness and understanding among parents. In this exposure

survey, blood lead levels were repeated twice (January 1992 and

July 1992) in a subset (61 and 30) of the children with blood

lead levels above 0.48 jxmol/L (10 ^g/dl). Following extensive

counseling of the parents about pathways of exposure to lead for

children, the follow-up blood lead determinations showed a marked

decline in blood lead levels. This improvement persisted during

the year's follow-up period in those children that we were able
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~o rest repeatedly. It seems chat education and invoive.-.er.- zi

the parents is a very important part of preventing unnecessary

lead exposure in children.

Blood lead levels fluctuate somewhat if repeated samples are

taken. This variation may occur because of variations in the

analytical method (Parsons 1992). Capillary blood specimens are

usually higher than venous blood specimens. Venous blood samples

provide more accurate results and are preferred although parents

may be reluctant to submit their children to a venipuncture. In

the past seasonal variations in blood lead levels also occurred.

Since lead in air has been reduced, such fluctuations are less of

a problem now. However, the improvement of blood lead levels in

this group of children persisted for a year and seasonal

variations can not be attributed to the reason for the marked

improvement in blood lead levels. These findings also illustrate

the impact of behavioral factors on blood lead levels and the

difficulty in quantifying this impact.

Not all of the parents invited into the study accepted the

invitation. A primary reason for refusal was the unwillingness
of parents to have their children's blood specimen drawn because

of the emotional trauma associated with this event. Parents need

to be educated more to the importance of such testing and of

preventing excessive exposure to lead. Based on our findings age

two would be the optimal age for testing since blood lead levels

seem to peak at that age.



CONCLUSIONS

/ • 31ood lead levels of children under/the age of 6 and in the

cS. .

3 -

V

older population yere for the most part^below the new level

of concern of 0.48 /xmol/L (10 jtg/dl) of the CDC.

In our study population, the highest percentage of children

with elevated blood lead levels were between 1.5 and 2.5

years of age suggesting that this may be an optimal age for

screening. i J

Some/children with higher blood lead levels lived in houses

close to the defunct smelter but such children also lived in

houses further away from the site and outside the USEPA area

targeted in 1991 for soil cleanup. Co<f4T* u-if̂ Tl '&( ~7%&6*-~

The soil lead levels close to the defunct smelter were

For small children, house dust serves as a major transfer
/ .uas /vv*>rt«£, "0 «L-T*t«_ :T£, <ysf*fCA? ̂ ;

vehicle of exposure
"^ * ~* ' ^^^T _ ~» t — i * I ew i el w n I

ef lead-̂ Ln-. house dust(Ts" "the "re¥d< n̂';>paint and

Paint is the most important contributor to lead in
/

house dust. The amount of lead taken up by children is

variable and depends on the amount of lead in dust, paint
A

and soil.
Lead uptake is influenced by many personal variables (e.g.

behavior) and̂ variables present in a particular house.

These individual factors are difficult to assess. Our

&> 5'



inability to account for 50% cf lead uptake underscore

point.

Education of the parents about the lead hazards in their

aŝ and suggestions for remedial action and

ivorable impact on the children's blood lead
AO <•

-«/High levels of lead in soil h^ mtÛ »tCecfe--on blood lead
**\ d& uJf-t-̂ fKvv̂ îi- c&A?J-<&r-9 1.--̂ -.

^4evels accounting for 3% of the variance in blood lead.

findings suggest that removal of soil as a remedy will

generally not have a beneficial effect on children's blood
,levels.

Many of the houses inhabited by our study population had

high lead paint levels. The lead from the paint particularly

in houses that were poorly maintained or had recently
|vv»-1 *

undergone repair i contributed to increased exposure.r i c
A

High concentrations of lead in paint in well-maintained

houses did not contribute noticeably to lead exposure. Many

of the children with low blood lead levels lived in houses

in good condition even with very high lead paint levels.

iffjf- Of A-
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RECOMMENDATIONS'

t&'
Reducing blood lead levels in young children is best

Accomplished through education of the children and their

caretakers and through reducing exposure to paint with high /

;oncentrations_of̂ lead.I/ Since house dust is the primary
' *»—.—' m~ —————•'

transport mechanism through which children are exposed.keeping
*»•.• 'M >" yhouses clean and well-raaintainedjrsTthe most important factor in

reducing lead exposure. Removal of lead contaminated soil wilT~

not reduce blood lead levels in children in the Granite City

area./ Soil removal alone over extended residential areas should
*——/
generally not be recommended as a solution to reducing lead

exposure if lead paint problems are not addressed. Soil removal

as the sole remedy should be the exception rather than the rule.

\
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TABLES

Table 1
3iomedical Tests (blood and urine)

Test

AST (SGOT)2

ALT (SGPT)3

GGT*

Albumin
Total protein

Creatinine
BUN*
Electrolytes

Sodium
Potassium
Chloride

Reference

0-6 mo
7-12 mo
1-5 yr

6-10 yr
> 10 yr

range1

0-120 IU/L
1-110 IU/L
0-75 IU/L
0-60 IU/L
0-50 IU/L
0-50 IU/L

Male
Female

0-65 IU/L
0-45 IU/L

3.5-5.5 IU/L
Newborn
< 2 yr
* 2 yr

4.6-7.2 g/dl
5.7-8.2 g/dl
60.0-8.5 g/dl
0.5-1.5 mg/dl

7-26 M9/dl

135-148 mEq/L
3.5-5.5 mEq/L
94-109 mEq/L

Expected
coefficient of
variability (%)'

5.41

8.33

6.45

2.78

3.23

4.76

7.14

1.43
2.44
1.98

1 Provided by the testing laboratories2 Aspartate Aminotransferase (S.G.O.T.)3 Alanine Aminotransferase4 Gamma-Glutamyltransferase
3 Blood Urea Nitrogen

(S.G.P.T.)
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Table 2

Study Population
Household Census Data

Census forms with address in study area
Households indicating occupancy
Households with at least one young child
Disqualified households (moved, Pontoon Beach)
Target households
Refused to participate
Participating households without child under six
Households unaccounted for (no contact, no shows)
Total households in study sample____________

5734

5134

906

116

790

266
33

169
388
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Table 3

Household'
Participation by Target Sampling Area

Sampling area .1
(closest to Taracorp)
Sampling area 2

Sampling area 3

Sampling area 4
(farthest from Taracorp)

39 census households
20 (51%) households participated
201 census households
120 (60%) households participated
242 census households
128 (53%) households participated
308 census households
120 (39%) households participated*
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Table 4

Distribution of Blood Lead Levels
by Age of Participant1

Age Of Participant

Total N

Male

Female

Moan DPb jzmol/L

Mg/dl

Range DPb /imol/L

Mg/dl

Above 0.48 fimol/L
(10ng/dl)

6-71 Months

490

261

229

0.33

6.9

0.03-1.94

0.7-40.2

78

6-15 Years
214
ill
103

0.21

4.4

< 0.03-0.90

< 0.6-18.8

8

>15 Years

123
47

76

0.17

3.6

< 0.03-0.86

< 0.6-17.9

3

Total

827

419

408

0.28

5.8

< 0.03-1.94

< 0.6-40.2

89

1 Nine children included in this table lived at their present residence less than 3 months
at the time of the study.

62

c



Table 5

Distribution of Blood Lead Levels in
Children between 6 Months and 6 Years of Age

with Blood Lead Levels above 0.43 ̂ nol/L (>10 ̂ g/dl)

Blood Lead Level

£ 0.48 MiQOl/L
(> 10 Mg/dl)

£ 0.48 MKOl/L and < 0.72 pmol/L
(> 10 Mg/dl and < 15 Mg/dl)
> 0.72 Mmol/L and < 1.21 pnol/L
(> 15 Mg/dl and < 25 Mg/dl)

£ 1.21 MUOl/L
(£ 25 Mg/dl)

Number

78

46

27

5

Percent of Total
490 Children
16%

9%

5.5%

1%
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Table 6

Comparison of Original Blood Lead Determination with
4 Month Follow-up Lead Level Determination in 61 Participants'

Aqo

6 months-6 years

6-15 years

> 15 years

N

51

7

3

1st PBb
Range1

0.48-1.69
(10-35)

0.48-0.92
(10-19)

0.58-0.87
(12-18)

1st
Mean
PBb

0.72
(15)
0.63
(13)

0.68
(14)

2nd Pbb
Range1

0.17-0.61
(4-13)

0.27-0.44
(6-9)

0.27-0.47
(6-10)

2nd
Mean
PBb

0.38
(7.8)
0.35
(7.3)

0.36
(7.4)

Range*) of
diff

0.14-1.16
(3-24)

0.14-0.48
(3-10)

0.3-0.4
(6-8)

Mean
diff

0.35
(7.2)
0.28
(5.9)

0.34
(7.0)

1 Seventeen participants either refused to be followed up or were lost to follow-up
' Ranges, means and differences are given in jinol/L and in (pg/dl)
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Table 7

Complete Blood Counts (C3C) for 338 Children
6 Months to 6 Years of Age with

Blood Lead Levels below 0.48 /imol/L (<10 /ig/dl)1

CBC

White blood cells
Hemoglobin
Heraatocrit
Red blood cells

Mean
8, 3 32 /mm3

12.2 g/dl
36%
4.4xl06/mn3

Range

3 ,400-18, 400/mm3

90.0-14.5 g/dl
25.6-41.7%

3.2-5.5 x lOVmm3

1 CBCs were not done on 22 children because insufficient blood
~>was available.
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Table 3

Complete Blood Counts (C3C) for 75 Children1
6 Months to 6 Years of Age with

Blood Lead Levels above 0.48 jiinol/L (>10Mg/dl)

CBC

White blood cells
Hemoglobin
Hematocrit
Red blood cells

Mean
9, 116/min3

12.3 g/dl
36%
4.5 x
loVnn3

Range

5, 000-17, 600/mm3

80.0-14.7 g/dl
26.6%-42.8%

3.7-5.3 x 104/mm3

1 Three children did not have CBCs done because insufficient
"x*blood was available.
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Table 3a

Results from XRF Readings of Lead in Paint

Location of Reading

Indoor paint1

Outdoor paint2

Indoor and outdoor
paint

Houses
Tested

377
380

371

House with ,
>6 mg/cm2 Pb (%)

154 (40.8)
193 (51,0)

111 (30.1)

1 Thirty percent of houses had readings < 1 mg/cm2 and 29% had
>readings between 1 and 6 mg/cm*.
2 Twenty two percent of houses had readings < 1 mg/cm2 and 27% had

> readings between 1 and 6 mg/cm2.
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Table 9b

Lead in Environmental Samples:
Soil, Dust and Hater

Environmental Sample

Soil- dry composite
Dust by weight (mg/kg)
Dust by loading (fjg/m7)1

Drinking H20 (/ig/L)

N

376

371

371

388

Mean Pb

450

1283

10.02

3.3

Minimum

37
5.2

0.02

< 2

Maximum

3010
71,000

58.8

96

S.D+/-

411

5236

4.7

7

1 The "dust load" was calculated by dividing the dust sample weight by the surface area
vacuumed and multiplying this ratio by the dust lead concentration.
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Table 13

Step-wise Regression Analysis
Dependent Variable: Blood Lead Level in Children

between Six Months and Six Years of Age

R2 = 0.37

Variable

Intercept
Years of
Education
Cigarettes per
day
Rent or own home
Recent remodeling

Race
Log of "dust
load"
Age
Log of lead in
water
Distance
Hours of outdoor
play

F » 21.61; (Prob>F = 0.0001)
Parameter
Estimate

2.88

-0.04

0.00

-0.12
-0.17

0.20

0.13

-0.08

0.09

-0.05

0.06

Standard
Error
0.28
0.01

0.00

0.05

0.05

0.05

0.01

0.01

0.03

0.01

0.01

F Statistic1

106.77

5.98

4.57

4.52

9.89

12.45

59.16

20.29

7.81

10.28

24.13

Prob>F

0.0001

0.0149
*

0.0331

0.0342

0.0013

0.0005

0.0001

0.0001

0.0055

0.0015

0.0001

'F is the ratio of the regression mean squares over residual mean
squares. F - R2 (n - k - 1) / (1 - R2) k. The distribution of the F
statistic is used to test the significance of R in regression analysis
(i.e. to test the null hypothesis that the linear relationship between a
set of k independent variables and a dependent variable is zero in the
population).
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Table 11
Hierarchial Regression Analysis

Dependent Variable: Log Blood Lead in
Children Between 6 Months and 6 Years of Age

MODEL 1

Adj R2 - 0.11 F =- 12.26; (Prob>F » 0.0001) j
Parameter Estimates

Variable

Intercept
Log of Pb in H20
Log of CXI1

Log of CX011

Condition of house2

Refurbishing of
houses

DP

1
1
1
1
1
1

Parameter
Estimate

1.25
0.05
0.05

-0.01

0.34

-0.17

Standard
Error
0.08

0.03

0.02

0.01

0.05

0.06

T for HO:
Parameter'0

160.02
1.43
2.99

-0.57
6.79

-2.73

Prob> T|

0.0001

0.1546

0.0030

0.5711

0.0001

0.0067

MODEL 2

Adj R1 - 0.14

Variable

Intercept
Log of Pb in H20
Log of CXI1

Log CXO1

Condition of house2

Soil Compos it*

P - 13.09; (Prob>F - 0.0001)
Parameter Estimates

DP

l
1
1
1
1
1

Parameter
Estimate

0.56
0.05
0.04

-0.01

0.29
0.17

Standard
Error
0.23
0.03
0.02
0.01
0.05
0.04

T for HO:
Parameter-0

2.45

1.55

2.67

-10.09

5.61

4.05

Prob> | T |

0.0148

0.1218

0.0079

0.2778

0.0001 :

0.0001

1 Log of CXI, log of CXO are the indoor and outdoor lead paint
measurements multiplied by the condition of the house code.
2 Condition of house is the rating of the overall state of
repair/disrepair of the house.
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Table 12

MODEL 1

Hierarchial Regression Analysis
Dependent Variable: Log "Dust Load"

Adj R2 - 0.26 F - 54.18; (Prob>F = 0.0001)
Parameter Estimates

Variable

Intercept
Log of CXI1

Log of CXO1

Condition of house2

DP

1
1
1
1

Parameter
Estimate

-2.47
0.25
0.05
0.73

Standard
Error
0.16
0.03
0.02
0.11

T for HO:
Parameter-0

-15.39
7.32

1.98

6.98

Prob>|T|

0.0001

0.0001

0.0485

0.0001

MODEL 2

Adj R2 - 0.33

Variable

Intercept
Log of CXI1

Log CXO1

Condition of house2

Soil Composite

F - 55.00; (Prob>F - 0.0001)
Parameter Estimates

DP

1

1
1

1

1

Parameter
Estimate

-5.52
0.20

-0.03

0.65

0.54

Standard
Error
0.47

0.03

0.02

0.11

0.08

T for HO:
Parameter-0

-11.84
6.45

0.03

5.58

6.43

Prob> | T |

0.0001

0.0001

0.9773

0.0001

0.0001

1 Log CXI, CXO are th« indoor and outdoor lead paint measurements
multiplied by the condition of the house code.
2 Condition of house is the rating of the overall state of
repair/disrepair of the house.
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Table 13

Geometric Means of Environmental Testing from Families
with more than One child under Six and Families with only One Child under Six

Parameter

Distance to smelter2

CXRFl'

CXRFO4

Indoor lead/paint5

Composite soil sample6

"Dust load1'7

Households with Two
Children Under 6

or More

Mean level of Parameter1
BPb<lo jjg/dl BPb £ pg/dl

5.3

0.7

3.8

0.8

310

0.2

4.5
1.2
6.7

1.1

503

0.7

Households with One Child Under 6

Mean level of Parameter1
BPb <10 jig/dl BPb & 10 pg/dl

5.4
0.6

3.4

0.7

303

0.15

4.7
10.0
5.7

10.0

488

0.6

' All environmental measures are statistically significantly different at the p <0.05 level
hotwoon the high blood lead (>10 jig/dl) and the low blood lead group for both households with one
child and households with more than one child.
7 Distance to the smelter is an arithmetic mean.
' CXRFI is the average indoor XRF reading in mg/cm2 multiplied by the condition code of the house.
1 CXRFO is the average outdoor XRF reading in mg/cm1 multiplied by the condition code of the house.
* indoor lead paint is the average indoor XRF lead paint reading in mg/cm.1
KPA soil sample is the lead concentration in ppm (mg/kg) of a composite soil sample taken from

different areas of the yard including play areas.
'< "Dust load" is the amount of dust (in /ig) collected from a m1 of area in the house.

72

c



FIGURES

Legend for Figure 1

Figure 1 Map of the study area showing the distribution of the houses.

The closed circles represent houses with children with blood

lead levels below 0.48 fimol/L (10 jig/dl) . The open squares

represent houses with children with blood lead levels of 0.43

^mol/L (10 jig/dl) or above.
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GRANITE CITY LEAD EXPOSURE STUDY

FIGURES 1, 2ft, 2b, 2c
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SCR1HS

w

Date
INFORMED CONSENT FORM

jiformed consent consists of die following elements:

•A fair explanation in terms the subject can understand, of the procedures to be followed and their purposes
including an identification of those which are experimental and a statement of the expected duration of the
subject's participation; •

•A description of any reasonably foreseeable discomforts or risks;

•A description of any benefits reasonably to be expected;

•A disclosure of any appropriate alternative procedures that might be advantageous for the subject;

•A statement describing the extent, if any, to which confidentiality of records identifying the subject will be
maintained. If the protocol is a FDA study, a statement should be added to the standard paragraph on
confidentiality that the subject understands his or her identity will be revealed to the FDA;

•An explanation of compensation for injuries incurred in research;

•An offer to answer any inquiries concerning procedures;

•An instruction that die subject is free to withdraw his/her consent and to discontinue participation in the
project or activity at any time without prejudice to die subject;

•No language through which die subject is made to waive or to appear to waive any of his/her legal rights or
to release die institution or its agents from liability or negligence.

The following additional elements may be required depending on me nature of die protocol:

•A statement that die particular treatment or procedure may involve risks to die subject (or to die embryo or
fetus, if die subject is or may become pregnant) which are currency unforeseeable;

•Anticipated circumstances under which die subjects participation may be terminated by die research
investigator without regard to die subjects consent;

•The consequences of a subjects decision to wididraw from die research and procedures for orderly
termination of participation by me subject;

•A statement that significant new findings developed during die course of die research which may relate to
die subjects willingness to continue participation will be provided to die subject; and;

•The approximate number of subjects involved in die study.

Individuals responsible for dds i

Fred Stallings Thomas Long
Sara Sarasuwa Catherine Copley
Agency for Toxic Substances and Disease Registry Illinois Department of Public Health
Executive Park Division of Environmental Health
.Atlanta, Georgia 525 West Jefferson
(404) 639-0564 Springfield, IL 62761

(217) 782-5830



Tide of protocol: Muir.s::e Heavy Me:a;s Exposure Study in [ii-'-ois, Kar.sas. ar.i M:::cur:

Expected duration of patient involvement in study: !t wiii cake approximately 1 and 1/2 hours :D review •_.-.:: ::-•
form, complete the questionnaire, collect the urine sample, and collect the biological samples, i: will :a.<e 2: .ea::
hour to collect soil, water, paint, and dust samples from my home.

I (My chid/ward) agree(s) to participate as a subject in this research project, the main purpose of which is: To
determine levels of heavy metals in blood and urine in people living in the study area to compare to those levels
found in people living outsid« the study area as well as to currently accepted health guidelines; to determine any
relationship between heavy metal levels found in blood and urine and levels in soil, dust, paint, and water; to
determine risk factors for exposure to lead and cadmium.

Description of research protocol (to include objectives, purposes, selection of patients, procedures to be followed,
treatment plan, etc.): The Illinois Department of Public Health (IDPH) with assistance from the Agency for Toxic
Substances and Disease Registry of the U.S. Public Health service, is conducting an exposure study of heavy metal •
contamination in residential areas surrounding the N L Industries/Tiracorp National Priority List (NPL) site in
Granite City, Illinois. I am being asked to participate in this study:

1. To determine if there is a statistical relationship between activities and/or situations in and around the horr.e
and the amount of heavy metals found in my (child's/ward's) body.

2. To compare the levels of heavy metals found in my (child's/ward's) blood to the levels of blood components.

3. To compare the results of my community's exposure with people living in areas contaminated to both
industrial and mining emissions.

As a resident, I am being asked to participate in order to determine th* degree of my (child's/ward's) exposure to
heavy metals. This study will include some people living within two ante of th* NPL sit*. The individuals doing this
study would like to include all children between the ages of 6 months through 71 months. Some older children and
adults, chosen randomly, like tossing a coin, will be asked to partitipat*. My (child's/ward's) part in the study may
include: . ^

1. Answering questions about habits and activities in and around the home and about the occupations of adui:s
in the home. This interview will require about on* hour.

2. Permitting a blood sample not to exceed 30 raillfliters (about 2 tablespoons) to be taken with a sterile r.eecle
from a vein in the arm.

3. Providing a urine sample by voiding into a cup in th* privacy of an enclosed area. Instructions will be g.•.-en
to help my (my child/ward) use the cup to collect urine. Parents will be asked to help small children.

4. Allowing environmental samples to be collected from in aad around th* home at a later date. This wi l l
require IDPH or their representatives to enter my home and conduct a test of exterior and interior pair.:
which will cause minimal damage to paint. In addition, water, dust, and soil samples will be collected •: : t
analyzed for lead and cadmium.

I understand that of th* procedures described above, the following an experimental procedures: None.

I understand that th* reasonable foreseeable risks or discomforts may •• as follows: There is Hide risk associate
with the blood drawing procedure. Th* needle will be left in my (child's/ward's) arm for a few minutes. I (My
child/ward) can expect to experience some pain at th* moment th* n**dle goes into th* arm. In about 10 pert?-: :f
cases, a small amount of bleeding under the skin will produce a bruis* (hematoma). There is a small risk of fa .-• *;.

I understand that th* benefits which may reasonably be expected from my (my child's/ward's) participation in -- s
study are: In 6 to 8 months IDPH will send me a letter with my (my child's/ward's) test results and results o:: •- •
environmental sampling, at no charge. If th* results of medical tests indicate a possible problem, I will be no: • -: v
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Discussion of additional elements of informed consent, if
applicable, if none are applicable, please state.

Confidentiality is assured since IDPH will take every reasonable
precaution to keep my (my child's/ward's) records confidential.
Any information shared with the Agency for Toxic Substances and
Disease Registry or Centers for Disease Control will be kept in
accordance with the Federal Privacy Act of 1974 and will not
include information which identifies me (my child/ward)
personally. Any reports of this study will not identify specific
individuals and will only give group information.

We understand that we may be asked to participate in future studies'
to measure heavy metal blood levels and environmental contamination
concentration changes over time.

This protocol has been reviewed and approved by the Springfield
Committee for Research Involving Human Subjects as preserving
safeguards of subjects' privacy, welfare, and civil liberties. The
Chairman of the Committee may be reached through the Office of the
Dean and Provost, Southern Illinois University school of medicine,
801 North Rutledge Street, Springfield, Illinois 62708, telephone
(217) 782-3318.

I may contact the following person to answer any inquiries I may
have concerning this research protocol and my rights as a research
subject: Catherine Copley; Illinois Department of Public Health;
525 West Jefferson; Springfield, IL 62761; (217) 782-5830 or David
Webb; Illinois Department of Public Health; 22 Kettle River Drive;
Edwardsville, IL 6202S; (618) 656-6680.

I understand that my (child's/ward's) participation in this study
is entirely voluntary and that I may decline to enter this study or
withdraw from it any time). If I wish to withdraw, I understand
that it is important to notify my doctor so that he or she can plan
for my continuing medical care.
Any information obtained from this investigation which can be
identified with me will remain confidential or will be disclosed
only with my permission. Should any publication or public
presentation result from this study, my (child's/ward's) identity
will not b« revealed.
I understand, in the) event of any research-related injury resulting
from research procedures), that financial compensation is not
available, but that Immediate medical treatment for injuries is
available at usual and customary fees at St. Elizabeth's Medical
center in Granite City, Illinois. I also understand that should I
(my child/ward) suffer any physical injury as a result of
participation in the research program, I may contact the chair:an,
Springfield Committee for Research Involving Human Subjects,
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Southern Illinois University School of Medicine, 801 North Rutiedge
Street, Springfield, Illinois, 62703, telephone number (217)
782-3318, who will review the matter with me and identify any other \J
resources that may be available to me.

Printed Name df Participant:.

Signatures:

Subject, Legal Guardian, or Next of Kin Date

Participant under 18 Years of Age '• Date

Principal I n v e s t i g a t o r " D a t e

W i t n e s s " D a t e

(Date consent form approved by SCRIHSi /3o / 9/_____________)



:con as possible. Otherwise, IC?H will r.cciiy —.e of i".e resuirs as soor. as ail :es:s are done. !:" r^.—,- -,.- -,
evaluation is indicated, recommendations will be given to seek further medical advice. Tesc rssuiu vv ; -*%-• •- -
family physician if I request ic in writing. Recomrr.er.datior.s to reduce me amount of exposure :o lead arc, :r
:admium will be provided if results reflect excessive lead or cadmium exposure.

I am .aware that the following alternative procedures could b« advantageous to me: Getting the same :es:s done :v i
private company or laboratory. I could choose to do nothing.

Discussion of additional elements or informed consent, if applicable. If none are applicable, please state.

IDPH will take every reasonable precaution to keep my (my child's/ward's) records confidential.

This protocol has been reviewed and approved by the Springfield Committee for Research Involving Human Subjects
as preserving safeguards of subjects' privacy, welfare, and civil liberties. The Chairman of the Committee may be
reached through the Office of the Dean and Provost, Southern Illinois University School of Medicine, SOI North
Rutledge Street, Springfield, Illinois 62708, telephone (217) 782-3318.

I may contact the following person to answer any inquiries I may have concerning this research protocol and my
rights as a research subject: Catherine Copley; Illinois Department of Public Health; S25 West Jefferson; Springfield,
IL 62761; (217) 782-5830 or David Webb; Illinois Department of Public Health; 22 Kettle River Drive; Edwardsv.il*
1L 62025; (618) 656-6680.

I understand that my (child's/ward's) participation in this study is entirely voluntary and that 1 may decline to enter
this study or withdraw from it any time.

Any information obtained from this investigation which can be identified with me will remain confidential or will be
disclosed only with my permission. Should any publication or public presentation result from this study, my
(child's/ward's) identity will not be revealed.

I understand, in the event of any research-related injury resulting from research procedures, that financial
compensation is not available, but that immediate medical treatment for injuries is available at usual and customary
fees at St. Elizabeth's Medical Center in Granite City. IL. I also understand that should I (my child/ward) suffer any
physical injury as a result of participation in the research program, I may contact the Chairman, Springfield
Committee for Research Involving Human Subjects, Southern Illinois University School of Medicine, 801 North
Rudedge Street, Springfield, IL, 62708, telephone number (217) 782-3318, who will review the matter with me and
identify any other resources that may be available to me.

Printed Name of Participant:

Signatures:

Subject, Legal Guardian, or Next of Kin

Participant under 18 Yean of Age - ice

Principal Investigator ~"e

Wime" APPROVED BY ^
SCRIHS

/>/



2a
Mean Blood Lead Levels by Age Group

For Children with Blood Lead Levels Less than or Equal to 10 ug/dl

Mean Blood Lead in ug/dl

0

5-. 7 5t..8
5.4

4.7

< 1 . 5 1.5-2.5 2.5-3.5 3.5-4.5 4.5-5.5

Aye of child in Years

4.9

1 I/I

MMean Blood Load uy/.ll



Fig 2b
Mean Blood Lead Levels by Age Group

For Children with Blood Lead Levels Greater than or Equal to 10 ug/cll N fi\
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Fig 2c
Perceni of Children in Each Age Group with Lead Level Greater than or Equal lo

N = 78
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Department of Public Health
Conntr Lad Study

Ccasu Font
SoauD«r 1991

Census Block #
C«nsus Taker ID

Ceosos Household #

House Addrea.
City————— Zin Phone.

here if refused to answer all questions.

List on the numbered lines below the names of each person living in this bouse or apartment. Begin
with the bead of the household and include all persons staying here who have no other home.

INCLUDE

Everyone who usually lives here such as famfly
members* housemates mru& roommates, foster
children, roomers, boarders, and live-in workers.

Persons who are temporarily away oa a business
trip, on vacation, or in a general hospital

CoOege students who stay here while attending
ooOege.

Persons in the Armed Forces who live. here.
Newborn babies stui in the hospital
Children in boarding schools below
the coflege level

Persons who stay here moat of the week whs*
working even if they have a home somewhere else, week while workmf.

DO NOT INCLUDE

Persons who usually live somewhere else.

Persons who are institutionalized.

CoOege students who live somewhere else
whfle attending couege.

Persons in the Armed Forces who live
somewhere else.

Persons who stay somewhere else most of the

Uat Fust Initial
Person 1 (head):
Penoa 2: __
Penoa 3: __.
Penoa 4: .
Person 5: _____
Person 6c ___
Penoa 7: ___
Penoa 8: ___
Penoa 9: ___
Penoa lOe _____
Penoa 11: ___
Penoa 12:__

/-sy
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Now mrrr
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1. tefor*. IITf
2. 1«0 to ia*f
3. 1*00 t« 191*
4. 1921 to 193*
3. 19<0 M 1*3*
«. 1940 to t*7*
7. 19« to
t. loftMrf r
9. Don't know

butltt
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•itfe o*rtoo«o or loon*

?. Own«rf kr yw or IOMOTMJ In tkl«
fro* n*J cloor (without • •rt«of»>t
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5.

*. Oon't
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2. S«o» high Khooi
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5. tetloto (M. U, U. LN. tte.)
4. SOM pMtgrtduoto work
7. ^oottroduoto work (Kuttr't. Ph.D.

J.O., N.D., tte.)
8. tofuMd rnpomo
9. Don't know__________

Now lent howo you ond your foolly oeeupiod
this oportaont or howol

1. Loos thon 2
2. 3 oontho to 11 oantho
3. 1 yoor to 2 yoora
4. 3 yvora to 3 y«or«
5. 4 yoort to • y«or»
*)• T yv îTtl OIT floW

7. lofuood r«
9. Don't

la onym In thU rnldoneo proo/iont?

1. Too
flrot

2. M
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9. Don't knM
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•on/doughttr
3. Stop or footer child
4. F«thor/o0th4r
S. Cronddiild
4. Othor
7. lofuoorf mpanoo
9. Don't know

1. If not roUtod:
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J. UvorHod portnor
4. othor nan-rtlotlvo
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9. Don't knoM
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Dooerlbo roe* of poroora l«
your NouMnold.
1. Coueoolon
2. AfHcon-doorleon
3. Intflon Aatrlcon
4. tok(« or Alowt
3. Aol«V»M«fl< lilondtr
4. Othor
7. lafuMtf roipomo
9. Don't know

«11S«.

•12 AM In Toon

•13 Dott of llrtfc (Nl/W/n)

*14 Mrltol Stana
1. MM o»rr<od
t. WldDMod
J. Olvvrcod]

, 4. Soporotaf
1 S. tlniU
1 4. loAMd rostra*
| 9. Don't know

Norton • 1
KM*

1
2
3
4
S
*
7
9

1. II 2. F

, ,

1
2
3
4
3
4
•

Ftrton • 2
•MO

1
2

1
2

3
4
5
4
7
9

1
2
3
4
3
9

1
2
3
4
3
4
7
9

1. « 2. F

, ,

1
2
3
4
)
4
*

Ptrtan « J
If MO

1
2

1
2

3
4
5
4
7
9

1
2
3
4
S

'

•

1
2
3
4
S
4
7
9

1. M 2. P

, ,

1
2
3
4
3
4
9

»tr«en 1 4
NMO

1
2

1
2

3
4
S
4
7
9

1
2
3
4
S
9

1
2
3
4
S
4
7
9

1. M 2.'

, ,

1
2
3
4
S
4
9



• ith

Cltftl Ttt UST JUCSWH AM MUTE MUHKI ID lOVCItI6NTJU«CSIVCI Of KB

rill one colun for toed
peroon Kitod en t«cond pooo

to porvon 2 and othero
rolotod to ponon IT
1. To* (90 to 09A)
2. Bo (oo to 191)

•9
A. don aro thoy ralatodT
1. Nuatoand/wlfo
2. latural •bom/adopted/

•on/doutfiter
3. Stop or footer child
4. Fattier /oether
S. Grandchild
4. Other
7. lefuced reoporae
9. Don't know

t. If not rolotod:
'. loojatr, boordar
. ••••••to, roco»ete

3. UhBorriod partner
4. Other non-rolatlv*
S. lofutod reoponoo
9. Don't knoM

Ooocrlbo roeo of persona In
yow household.
1. COUCMlM
2. AfHcon-Aoarlcon
3. Indian Aovrlcon
4. laklM or Alout
S. Aalon/FoeifU Ulondor
4. Other
7. lofuood rooponM
9. Don't knoat

«11<o.

012 Aoo In Tooro

013 Doto of UrtJi (lovce/n)

014 Morltol stotw
'. MM oarrlod
. UldOMd

3. Divorced

1 4. Soporated
3. Unfit
4. lofwod rupome
9. Don't know

••run t S
MoW

t
2

t
2

3
i
5
4
7
9

t
2
3
4
S
f

1
2
S
4
S
*
7
9

1. II 2. •

, ,

1
2
3
4
S
4
9

rtroon 0 4
*«oo

1
2

1
2

3
4
S
4
7
9

1
2
3
4
S
9

1
2
3
4
S
4
7
9

1. H 2. t

t ,

\
2
3
4
S
4
»

rerion t 7
1MB)

1
2

1
2

3
4
S
4
7
9

1
2
3
4
S
9

1
2
3
4
S
4
7
9

1. H 2. •

, ,

1
Z
3
4
3
4
»

•erton 0 1
••oo

1
2

.

1
2

3
4
J
*
7
9

1
2
3
4
S
9

1
2
3
4
S
4
7
9

1. N 2.F

, ,

1
2
3
4
S
4
9



l l t lnol*
Hoc* f

*r 10

C !«Cl£ TMC «JT AM) MITE MJMCt IN HCHT
Id t

Of KB

fill ona colian for tad)

M
fa poroan 2 and othara
ralatad to par«an 17
1. To* (to to •9A)
2. •« <ao to m>

A. Rcw aro tttay ralatad?
1. *aband/ttl f a
2. lateral -bom/adopted/

ton/daughtar
3. Stap or foatar diild
4. Ftthar/Mothar
3. Cranddiild
4. Othar
7. lafuaad raaponea
t. 0«n*t know

1. If not rolatodi
1. looBor. boardar
. nuaaaati. rooavata

3. Unaarrlad partnar
4. Orhar non-ralatlw
3. lafuaad rttpenaa
«. Oan't know

•10
Oaocrtbo roc* of paraom In
ywr Xouaahald.
1. Caunalan
2. Afrfcan-Aavrlean
3. Indian Aavrlean
4. l»k<« ar Alouc
3. Aalan/FacifU Ulandor
4. Othar
7. lafuMd ra«p»ma
t. Oon<t know

•11 S«B

•12 Aaa In Ttars

•13 Data af Urth (W/W/TT)

•14 Marital Status
1. law aMTlad
i Wfla^^ka^Mtf

3. Olvartad

1 4. Saparatad
S. SlnaU
4. ItfuMd rnpoma
V. Oan't know

Nnon • »
law

1
2

1
2

3
4
3
4
7
•

1
2
3
4
S
t

.

1
a
s
4
S
4
7
9

1. II 2. P
•

t t

1
2
S
4
S
4
t

Nrten • 10
Maaa

1
2

1
2

3
4
S
4
7
«

1
2
3
4
3
t

1
2
3
4
S
4
7
*

i. R 2. r

, ,

i
2
3
4
3
4
0

Ptrvon • 11
«MO

1

2

1
2

3
4
S
4
7
•

"
1
2
3
4
3
t

t
2
3
4
S
4
7
*

i. R 2. r

i t

1
2
3
4
S
4
f

f*rtt*\ t 12
MM*

1
2

1
2

3
t
5
4
7
•

1
2
3
4
S
9

1
2
3
4
3
4
7
*

1. R 2.f

, ,

1
2
3
4
S
4

*



Illinois Department of Public Health
Xadiaoa County Lead study

Census form
Summer 1991

Census Block I

Canaua Taker ID.
Census Household t

ANIMAL DATA - CIRCLE THE ANSWER THAT BEST APPLIES

1. Do you keep a cat or dog at your dwelling?
•

1. Yes (if yas go to next question)
2. No

2. If yes, what is the species, sex, aga, and how long had you
had each individual animal?

Animal I i
Name

Species
1. Dog l
2. cat 2
Sex
1. Kale 1
2. Female 2
3. Neutered 3
Age in __
month* or DK* DX

Month* of
Possession __
or DK* DX

2

1
2

1
2
3

DX

DX

3

1
2

1
2
3

DX

DK

4

1
2

1
2
3

DX

DX

5

1
2

1
2
3

DX

DK

6

1
2

1
2
3

DX

DK

*DK-don't know

Ytam MoMta
"HT

t.
1.
J
i

!
i

«
«

4.
4.
5.

.

•
t;
i
(

:
:
(
4
*
60

Y«am MonU»
!
1
J
>.o

e.$
7.0
7_j
t.l
IJ
9.0
9.4

10.0

(
;*—

""1*
i
<
i
1
i
i

4
0

t=
4

120

Y«m MertM
m
v
11
1!
1!
'!

<

1<
1-
If

1J
1:
1:
V
1!
1!
11
it
11̂
it



Illiaois Department of Public lealta
XAdison County Lead study Census Block i _______

Summer Itti

The Illinois Department of Public Health thank* you for your
cooperation. The census information given to the Illinois
Department of Public Health will be used to help determine which
particular areas to study. We need some of this information to
choose groups of residents that may be exposed to lead as veil as
similar groups of residents that are not exposed.

You should have received a copy of the consent form that will be
used for this study. We are distributing this now so that you
have plenty of time to read it in advance if you are asXed to
participate.
Zf you did not receive a copy of the consent form or if you have
any further questions regarding this study, please contact:

Tom Long
Illinois Department of Public Health
Division of Environmental Health
525 Vest Jefferson Street
Springfield, Illinois 63761
(217) 712-5130

David Webb
Illinois Department of Public Health
22 Kettle River Drive
Zdvardsville, IL 62025
(61t) 656-6680

Cathy Copley, Illinois Department of Public Health
2125 S. First Street
Champaign, IL 61820
(217) 333-6914

e T.MW nrs MOV \f vonanotA wm cnsns eotm

Printed by Authority of the stats of Illinois
P.O. 53010 7H 7/91



PROTECTION Or HUMAN SUBJECTS
ASSURANCE/CERTIFICAT10N/OECLARATION

RIGINAL — FOLLOWUP 'ill EXEMPTION
iertviouiiv

c:ntinuation

ICENT;FICATICN NO.

1LICY: A research activity involving human subjects that is not exempt from HHS regulations may not be funaea <.riea an ..-:-. -.
.onal Review Board (IRB) hat reviewed and.approves tht activity in accordance with Section 474 of the Puolic Health Semcr ~:: s:

imolemented by Titlt 45. fart 46 of the Codt of federal Regulations (45 CFR 46-as revised). The applicant institution must xc- •
certification of IRB approval to HHS unless the applicant institution has designattd a specific exemption under Section 46.101'tl .we.-
loplies to the proposed research activity. Institutions with an assurance of compliance on file with HHS which covers ne srsoc:ec
activity should submit certification of IRB review and approval with each application. (In exceptional cases, certification w ;e
accepted up to 60 days after the receipt date for which the application is submitted.) In the case of institutions which do not,lave in
assurance of compliance on file with HHS covering the proposed activity, certification of IRB review and approval must be suomi;:ee
within 30 days of the receipt of a written request from HHS for certification.
1. TITLE OF APPLICATION OB ACTIVITY ———————————————————————

2. PRINCIPAL INVESTIGATOR. PROG

Thomas F. Long
£.iipj.y.!J3aer/vJy«iVGRAM DIRECTOR. OR FELL

*m*..~^ re.,.• __ t QQ i

3. POOD ANO DRUG ADMINISTRATION RSOUIRSO INFORMATION

4. HHS ASSURANCK STATUS

Q3 Thit initinitien hit in aaorow

•V111 1 •

i of cemolianca en lilt wiiti HHS which covert this activity.

fl' IRS Uamiflcatt

a NO I compliance which applies todrie actMrv haa been ettaMMMd with HHS. but die applicant institution win provide written aiiuranet o*
compliance and eertif ication of MS review and approval in sciordencc widi 4S CFR 4S upon <

9. CERTIFICATION OF Ml fllVIIW OR OICLAIUTION Of tXIMPTION

lis activity hat bean reviewed and approved by an IMS in accordance with the requirements of 48 CFR OS. indudine, in relevant Sgbpartt. Thu etmli.
cation fulfills, when applicable. reouircmentB tor cortifyine; FOA ttaojc for OMf) invaatiejationol new druo, or dovioe. iSae nvaww f/civ o/ tfttt form, t

6/20/91

Beard Revtow

.Date of IRS review end

G Ewedltad Review

etrofittaon i

O Thi« activity coniaifli mg»tio4» prettets. tamo of nhioh tunrn not boon roxlaxad. Tho IMS hoi anntod o*oro«ol on condition that all erejtcti c:vtr«d by
43 CFR 44 mill be rcvicwod and approved before they are initiated and Hut aopreoriaai funMr ceniOcarton (firm HHS 134) will be «ibmn:,a.

G Human tubrccts are involve but ttii actMty CMOtinoi for oemotion under 4S.101 IbJ in
at txunuooit MI 44.101 M. 1 oVOMfft «7. but dw imttaidon did not

.tinttn fftrnrta" name*

6. Each official signing below ctrtfflss tfwt th« information providsd on this form is comet snd thst ssch mstitutior
auumss rtsponsibflhy for ssmring nquirad future rsvitws, spprovsis, and submissions of csrtificstion.

AFFUCAMT INSIilUTlON
NAM1. AOORSSS. ANO TILiVHOMS NO.
Board of Tmsttw of
Souehtrn Illinois Unirsrsity
Carbondal*. 11 62901
217/782-3318

NAMC ANO TITLI OF OFFICIAL tfmtteftVfd
Richard C. Hoy. 0«aa and Provost, for

?hn C. Guy on, Ph.D., President, SIU
..ONATUNI OF OFFICIAI. LISTIO ASOVS tn* llftl

Ki>di\JL^L ^ • Yl\*Vl, (s/Arh/

COO*IMATINO INSTITUTION
NAMS. AOOMBSS. ANO TSLSFHONS NO.
Illinois Ocpartswnc of Public Htalch
525 West Jtfftrson
Sprinffisld. 11 62761
217/782-5830

NAMC ANO TITUS OF OFFICIAL Ifrmt or tvpti
John R. Luapkin, M.O., Director 6 /1 : '•'.

JIOMATUM OF OFFICIAt LISTtO ASOVt (»*4 Otnl . "—

^L^.^^^u 0::~hi
HHSSSSIRev. I/S21 I.«MMtKMtwftrmne* .'••• '-am.'



, . - . . _ - . _ ^ _

School of Medicine Protocol *• __ ' • -,^
Springfield Committee (to be aisledi by'offica of ,\DR)
for Research Involving Human Subjects

Application for Approval of t Research Protocol
(• PrMpsJ breadcatenc Complete either A, D. or C u appropriate to your protocol. P!e*«

caJJ the Office of the Associate Dean for Research, 782-7936, if you have questions.
Please Seteifc One (I) copy of this appKeation form along whh the appropriate number of copies of other
materials as indicated-below to the Office of the Associate Dean for Research, 801 North RuUcdar.
.Springfield, Illinois.

I. Investiptor rbgma« g. T.nnT__________________.____________________

Department: I l l inois Denarrmenc of Public Telephone: r ? ) 7 ^
Kealch

Co-InvestiptOr(s): ———Cacherin* Canlav

Title of Protocol: MuUisice Heavy Mecal Exposure Scudv in I l l inois . Kansas and

Missouri -

Funding: l>eo«runental __ <"RC x Fatemal (.Spedfy) A^>nrv for

Disease Retiscrv ____________________________

Other Department Involved: Yes X No

If Yes. Approval of Department Chair Indicated by Signature:

, Memorial Medical Center

SL John's Hospital

Neither

A. Rcaeafdlf«VBBdacrMli»*rtfectB e.g. drug and medical device trials, surgical and other invasive
procedures, studies involving ntndomimuon, placebo controls, etc.

1. Thirty 13U) copies of the complete protocol;
2. Thirty (30) copies of a consent fonn prepared on Form SCRUB-B 12/tl

B. ReHBfdl aieiaiUit î taiaJ rUk to aeAfaete In order for your study to be calesjorized u a
'MINIMAL RISK' project, it must fid! into one or more of the following areaa. Pkue indicate the
category:

__ I. Collection of hair and nail clinpinp in a nondisfiguring manner; decaduoua teeth; and
permanent teeth if patient cam indkates a need for extraction.



financial standing or empioyaoimy; and i i i i ) the researcn deal* with sensitive
of the subject'* own behavior, sucn as illegal conduct, drug use. sexual behavior.
use of alcohol.

__ 4. Research involving the observation (including observation by participanu) of public
behavior, except where all of the following condition* exist: (i) obaervationa are
recorded in iuch a manner that the human subjects can be identified, directly or
through identifiera linked to the subjects: (it) the obaervationa recorded about the
individual, if they became known ouuide the research, could reasonably place the
subject at risk of criminal or civil liability or be damaging to the subject's financial
standing or em ploy ability; and (iii) the research deala with sensitive aspects of the
subject's own behavior such aa illegal conduct, drug use, sexual behavior, or use of
alcohol.

_— 5. Research involving tho collection or study of existing data, documents, records.
pathological specimens, or diagnostic specimens, if theee sources are publicly avail-
able or if the information ia recorded by the investigator ia auch a manner that
subjects cannot be identified, directly or through identifiers linked to the subjects.

Please submit
1. Three (3) copies of tho protocol.

(I. All investigators must sign the following statement of i
The proposed investigation involves tho use of human subjects. I am aubmittiag thia form with a
description of my protocol prepared in accordance with institutional policy for the protection of
human subjects participating in research. I am responsible for:
o insuring that informed consent is documented by tho use of a written consent form approved by the

IRB and signed by the subject or the subject's legally authorised representative and that each
person signing the form is given a copy;

o placing the consent documents signed by human research subjects in a repository approved by the
Associate Dean for Research;

e reporting the progress of the rassareh to the Associate Dean for Research as often ss and in the
manner prescribed by SCRIHS but no less than once per year;

e reporting promptly through my department head to the Associate Dean for Research any injuries
to human subjects or say unanticipated problems which involve risks to the human research
subjects or others;

e reporting promptly through my department heed to the Associate Dean for Research proposed
changes in my research activity. I understand that changes in research during the period for which
SCRIHS approval has already been given, shall not be initiated by me without SCRIHS review and
approval, except where necessary to eliminate apparent immediate hasards to the subject:

o reporting promptly to the Associate Dean for Research and SCRIHS any serious or continuing
nnnrnmpHsats with the requirements e/ the SCRIHS General Assurance or the determinations of

Signature of Principal Investigator f 1 '/ Date /

Note: Please refer to Southern niinoiatrniversi ty School of Medicine. Spriagfleld
Cosamitteo for Research Involving Human Subjects Aaomraaco of Compliance with
HHS Rofulatioaa for Protection of Human Research Subjects for polky regarding
research involving human subjects.
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IHTOaXBD CONSENT rOMt

Informed consent consists of the following elements:

-A fair explanation in terms the subject can understand, of
the procedures to be followed and their purposes including an
identification of those which are experimental and a statement
of the expected duration of the subject's participation;

-A description of any reasonably foreseeable discomforts or
risks:

-A description of any benefits reasonably to be expected;

-A disclosure of any appropriate alternative procedures that
might be advantageous for the subject;

-A statement describing the extent, if any, to which
confidentiality of records identifying the subject will be
maintained. If the protocol is a PDA study, a statement
should be added to ths standard paragraph on confidentiality
that the subject understands his or her identity will be
revealed to the PDA; •
-An explanation of compensation for injuries incurred in
research;

^-" -A offer to answer any inquiries concerning procedures;
-An instruction that ths subject is free to withdraw his/her
consent and to discontinue participation in the project or
activity at any time without prejudice to ths subject;
-No language through which ths subject is mads to waive or to
appear to waivs any of his/her legal rights or to rslease the
institution or its agents from liability or negligence.

The following additional elements may be required depending on
the naturs of ths protocol!

-A statement that ths particular treatment or procedure may
involve risks to ths subject (or to ths embryo or fetus, if
ths subject is or may become pregnant) which are currently
unforeseeable t
-Anticipated circumstances under which ths subject's
participation may be terminated by ths research investigator
without regard to ths subject's consent;
-Any additional costs to the subject that may result from
participation in ths research;
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-The consequences of a subject's decision to withdraw frca -wa
research and procedures for orderly termination of
participation by. the subject;

-A statement that significant new findings developed during the
course of the research which may relate to the subject's
willingness to continue participation will be provided to the
subj ect; and

The approximate number of subjects involved in the study.

individuals responsible for this research protocol:
Fred stallings
Sara Sarasuwa
Agency for Toxic Substances and Disease Registry
Executive Park
Atlanta, Georgia
(404) 639-0564

Thomas Long
Catherine Copley
Illinois Department of Public Health
Division of Environmental Health
525 West Jefferson
Springfield, IL 62761
(217) 782-5830

Title of protocolt Multisits Heavy Metal Exposure study in
Illinois, Kansas, and Missouri

impacted duration of patient involvement in studys It may take
approximately a total of two hours to review this consent form,
answer questions about activities in and around the homo, take my
(child's/ward's) blood pressure, collect the urine sample, and draw
the blood sample. Zt may take approximately three) hours for
researchers to do the) necessary environmental work which may
include collection of soil, water, and dust samples as well as a
paint surrey of the homo.

I Oly child/vard) agree(s) to participate as a subject in this
research project, tao maim purpose of vmiem ist To determine
levels of heavy metals in blood and urine in people living in the
study area to compare to those levels found in people living
outsido the study area am well as to currently accepted health
guidelines) to determine any relationship between heavy metal
levels found in blood and urine and those levels in environmental
samples (soil, dust, paint, and water); to determine if those
circumstances which may present greater risks of exposure to heavy
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aetals; and to determine if aeasurements of some blood components
can be identified that may indicate heavy aetal exposures.

«
. !

Description of research protocol (to include objectives,
purposes, selection of patients, procedures to be followed,
treatment plan, ete.)s The Illinois Department of Public Health
(IDPH) with assistance for the Agency for Toxic Substances and
Disease Registry of the U.S. Public Health Service, is conducting
an exposure study of heavy metal contamination in residential areas
surrounding the N L Industries/Taracorp National Priority List
(NPL) site in Granite City, Illinois. The goals of the study are
as follows:

1. To compare my (child'/ward's) heavy metal levels in blood
and urine to those found in people living in other areas.

2. To compare the amount of heavy metals in my environment
with those found in other areas.

3. To analyze some of my blood components and see how they
compare with those found in people living in other areas.

4. To compare the results of the tests of blood mentioned
above with the standard reference ranges for these tests.

5. To determine if there is a statistical relationship
between activities) and/or situations in and around the
home and the amount of heavy metals found in my
(child's/ward's) body.

6. To compare the level* of heavy metals found in my
(child's/ward/s) blood and the levels of blood components.

7. To compere the results of my community's exposure with
people living la areas contaminated by both industrial and
mining emissions).

As a resident, Z mm being asked to participate in order to
determine the degree of my (child's/ward's) exposure to heavy
metals. This) study will include some people living within two
miles of the) MPL site. The individuals doing this study would liXe
to include ell children between the ages of 6 months through 71
months. Some older children and adults, chosen randomly, like
tossing a coin, will be asXad to participate. My (child's/ward's)
part in the study nay include:

1. Answering questions about habits and activities in and
around the home and about the occupations of adults in the
home. Questions concerning financial status will be asked as
well. This interview, will require about one hour.

2. Having blood pressure measured.
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3. Permitting a blood sample not to exceed 30 milliliters
(about 2 tablespoons) to be taken with a sterile needle from a
vein in the arm.' I (My child/ward) may be asked to provide a
second sample at a future date to measure changes over time.

4. Providing a urine sample by voiding into a container. A
container and instructions will be given to me. The sample may
be picked up later. No urina is to ba collected from infants.

5. Allowing testing on blood and urina samples for heavy
metals and associated biological measurements. Some of the
blood work for imaunological tests is considered experimental.

6. Allowing environmental samples to ba collected from .in and
around tha home. This will require IOPH or their
representatives to enter tha homa and conduct a survey of
paint. In addition, water, dust, and soil samples may be
collected to ba analyzed for heavy metals. Tha sample
collection may require up to three hours.

I understand that of tha procedures described above, the
following are experimental proceduress Nona.

I understand that tha reasonable foreseeable risks or discomforts
may ba as followss There is little risk associated with tha
blood drawing procedure. Tha naadla will ba left in my
(child's/ward's) arm for a few minutes. I (My child/ward) can
expect to experience some pain at tha moment tha naedla goes into
tha arm. In about 10 percent of cases/ a small amount of bleeding
under tha skin will produce a bruise (hamatoma). There is a very
small risk of temporary clotting of tha vain, infection, or
fainting.

I understand that tat) benefits which may reasonably ba expected
from my (my child*• ward's) participation in this study aras I
will know what kind of environment I liva in and if I hava been
exposed to> lamd. A copy of this consent form will ba given to me.
Results) of Meed, urina, and immediate environment tests will be
provided tarm* and/or our physician at no charge. I will ba
provided with recommendations to raduca tha amount of exposure to
heavy metals if results reflect potential of excessive heavy metal
exposure. We will ba included on a mailing list and will receive a
copy of tha final report.

I am aware that tha following alternative procedures could ba
advantageous to mas Catting tha same tests dona by a private
company or laboratory. I could choose to do nothing.


